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OZET

Oviing, B. Gocukluk donemi steroide direngli nefrotik sendroma sebep
olan yeni genlerin bulunmasi. Hacettepe Universitesi Saglk Bilimleri
Enstitiislii Tibbi Biyoloji Programi Doktora Tezi, Ankara, 2012. Steroide
direncli nefrotik sendrom (SDNS) nadir bir hastalik olmakla birlikte gcocukluk
ve geng eriskinlik doneminde son donem bdbrek yetmezliginin en sik ikinci
sebebidir. Ancak genetik heterojenitenin varligi ve hastaligin nadir
g6zlenmesi (<%1), yeni bir genin bulunmasina ciddi sinirlamalar
getirmektedir. Tez calismasinda, homozigotluk haritalamasi teknigi (total
genome homozygosity mapping) ile eksom saptama (whole human exome
capture) ve yuksek Olcekli dizileme (massively parallel re-sequencing)
tekniklerinin  birlegtirildigi  bir yaklasim ile yeni genlerin bulunmasi
hedeflenmigtir. Hasta grubunu olusturan 2056 aile, SDNS’e yuksek oranda
sebep oldugu bilinen NPHS1, NPHS2, LAMB2, PLCEl1l ve WT'deki
mutasyonlar agisindan DNA dizi analizi ile taranmig ve 310 ailenin hastalik
sebebi bu genlerdeki bir mutasyonla aydinlatiimistir. Geri kalan 1746 aile
arasindan segilen ve ebeveynler arasinda akrabalik oldugu bilinen 85 aile
homozigotluk haritalamasi teknigi kullanilarak Affymetrix 250K (Styl) SNP ¢ip
ile taranmigtir. Homozigotluk analizlerinde hastaliktan etkilenen iki veya daha
fazla ¢ocugun olmasinin, hastalia sebep oldugu dusiUnllen geni igeren
homozigot bdlgenin daraltiimasina yardimci olmasi nedeniyle, bu 85 aile
arasindan birden fazla hastaliktan etkilenen kardesin oldugu 19 aile
secilmigtir. Bu 19 aile arasindan bir aile (A 2410) etnik kokeni, klinik bulgulari
ve tedaviye cevap ozellikleri agisindan dikkat ¢ekmis ve eksom saptama ve
yuksek Olcekli dizileme ile analiz edilmigtir. A2410-21 ve A2410-22 kardesleri
icin parametrik olmayan LOD degerleri, iki kardes birlikte hesaplanmis ve
kromozom 3, 10, 14, 17, 21 ve 22’de ortak atadan kalitilan homozigotlugu
isaret eden cZLR peak’leri bulunmustur. Eksom saptama ve yuksek olgekli
dizileme, referans diziden farkli 1968 varyant gdstermistir. Sonuglar veri
bankalariyla karsilagtirildiginda bu varyantlarin 48 tanesinin SNP olmadigi
saptanmistir. Bu 48 varyant arasindan 11 tanesinin sinonim olmadigi ve
homozigot segmentlere yerlesmis oldugu bulunmustur. Bu varyantlardan
sadece bir tanesi insersiyon/delesyon varyasyonudur. Bu sayede CUBN
(Cubilin) geninin 53’Uncu eksonunda bir bazgiftik homozigot delesyonun
(c.8355delA) cerceve kaymasina neden olarak kodlanan proteinin erken
sonlandiriimasindan (p.S2785fsX19) sorumlu oldugu bulunmustur. DNA dizi
analiziyle mutasyonun hastaliktan etkilenen kardeslerde homozigot;
ebeveynlerinde ise heterozigot olarak varligi gosterilmistir. 1000 Genom
Projesi veri bankasiyla kargilastirilarak mutasyonun kontrol bireylerde
olmadigr gorulmuagtur. Ayrica Misir populasyonuna etnik olarak es olan
saghkh 92 Turk bireyi kontrol amaciyla DNA dizi analizi ile incelenmis ve bu
bireylerde mutasyon bulunmamisgtir.

Anahtar kelimeler: Nefrotik sendrom, CUBN, homozigotluk haritalamasi,
eksom saptama, yuksek oOlcekli dizileme
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ABSTRACT

Oviing, B. Identification of novel genes causing steroid resistant
nephrotic syndrome of childhood. Hacettepe University Institute of
Health Sciences, Ph.D. Thesis in Medical Biology, Ankara, 2012. Steroid
resistant nephrotic syndrome (SRNS), despite being a rare disease, is the
second most common cause of end stage kidney failure in childhood and
early adulthood. However the heterogeneity and rarity (<1%) of disease
causing genes cause significant limitations in identification of a new gene. In
this thesis work, identification of a novel gene is aimed via a new approach
which combines total genome homozygosity mapping technique with whole
human exome capture and massively parallel re-sequencing techniques.
2056 families consisting the cohort were screened via direct DNA
sequencing for mutations in NPHS1, NPHS2, LAMB2, PLCE1 and WT1
genes that are known to cause SRNS at a high proportion and the cause of
SRNS is identified in 310 families. Out of the remaining 1746, 85 families
with known parental consanguinity were chosen to be analyzed by total
genome homozygosity mapping technique via Affymetrix 250K (Styl) SNP
chip. In homozygosity analysis, the presence of two or more siblings affected
by the disease aids in the narrowing of the homozygous segments that are
believed to harbor the disease causing gene, therefore 19 families that have
multiple affected siblings were chosen among 85 families. One family
(A2410) drew attention based on ethnic roots, clinical properties and
response to treatment properties amongst 19 families and analyzed with
whole human exome capture and massively paralel re-sequencing. Non
parametric LOD scores were calculated together for siblings A2410-21 and
A2410-22 and cZLR peaks pointing homozygosity by descent were found on
chromosomes 3, 10, 14, 17, 21 and 22. Whole human exome capture and
massively paralel re-sequencing showed 1968 variants from reference
sequence and 48 of them were found not to be SNP’s by comparing to the
databases. 11 out of these 48 were found to be non-synonymous changes
and harboring in the homozygous segments. Only one of these variants was
an insertion/deletion variation. Therefore one basepair homozygous deletion
in CUBN (Cubilin) gene exon 53 (c.8355delA) was found that leads to early
termination of protein (p.S2785fsX19) via causing a frameshift mutation. The
presence of the mutation in homozygous state in affected siblings and in
heterozygous state in the parents were shown by direct DNA sequencing.
The absence of the mutation in healthy controls was verified by comparison
with 1000 genome database. Also the mutation was not found when 92
healthy Turkish control individuals that are ethnic matching to Egyptian
population were analyzed by DNA sequencing.

Key Words: Nephrotic syndrome, CUBN, total genome homozygosity
mapping, whole human exome capture, massively parallel re-sequencing
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1. GIRIS

Nefrotik sendrom (NS) idrarda protein kaybi (>4 mg/m?%/giin), serum
albuminin azalmasi (hipoalbuminemi) ve bunlara bagh olarak htcreler arasi
bosluga sivi birikimi (6dem) ile karakterize kronik bir bobrek hastaligidir.
idiopatik NS standart steroid tedavisine cevap verip vermemesine goére
steroide duyarli veya steroide direncli nefrotik sendrom olarak siniflandirilir
(1).

Steroide direncli nefrotik sendrom (SDNS) nadir bir hastalik olmakla
birlikte c¢ocukluk ve geng¢ erigkinlik doneminde son donem bdbrek
yetmezliginin en sik ikinci sebebidir. Bilinen bir tedavisi yoktur. Hastalik hizla
ilerleyerek hastayl yasaminin devami igin diyaliz veya bdbrek nakline bagiml
biraktirir (1).

SDNS’in  primer sebebi (etyolojisi) ve hastallk mekanizmasi
(fizyopatolojisi) yillardir anlasiimaya calisiimakla birlikte halen tam olarak
aydinlatilamamistir. Klasik olarak immunolojik nedenli oldugu dusinulen
hastaligin, gectigimiz on yilda nadir bir tek gen hastaligi oldugu gosterilmistir.
Simdiye kadar ¢ocukluk ¢agi SDNS’inden yluksek oranda NPHS1 (2), NPHS2
(3-5), LAMB2 (6-7) ve PLCE1 (8) genlerindeki resesif ve WT1 (9) genindeki
dominant mutasyonlarin sorumlu oldugu bulunmustur. Bu genlerdeki resesif
mutasyonlar hastaligin bir bolimuna agiklamis olsa da (yasamin ilk 3 ayinda
%85; ilk bir yiinda %66: ilk bir yilin sonrasinda %15-28) c¢ocukluk ve
geng erigkinlik SDNS’i halen molekuler olarak buyuk dl¢gude agiklanamamistir
(10).

Cocukluk ve geng erigkinlik SDNS’ine sebep olan ancak henlz
tanimlanmamis birgok genin varligi homozigotluk haritalamasi teknigi (total
genome homozygosity mapping) ile saptanmistir (11). Ancak bu genlerin
heterojenligi ve hastaligin nadir gbézlenmesi (<%1), yeni bir genin
bulunmasina ciddi sinirlamalar getirmektedir (11). Bu tez calismasinda,
homozigotluk haritalamasi teknigi ile eksom saptama (whole human exome
capture) ve yuksek Olcekli dizileme (massively parallel re-sequencing)

tekniklerinin birlegtirildigi yeni bir yaklagim ile yeni genlerin bulunmasi



hedeflenmistir. Arastirmanin sonucunda nefrotik sinirda proteinurisi olan iki
kardeste, CUBN geninin 53’Uncu eksonunda gergeve kaymasina neden olan
bir baz c¢ifti uzunlugunda homozigot bir delesyon bulunmus (c.8355delA;

p.S2785fsX19) ve proteindrinin sebebi olarak yeni bir gen tanimlanmigtir.



2. GENEL BILGILER

2.1. Cocukluk Donemi Steroide Direnc¢li Nefrotik Sendrom

Nefrotik sendrom (NS) idrarda protein kaybi (>4mg/m?%giin), serum
albuminin azalmasi (hipoalbuminemi) ve buna bagh olarak hucreler arasi
bosluga sivi birikimi (6dem) ile karakterize kronik bir bobrek hastaligidir.
idiopatik NS standart steroid tedavisine cevap verip vermemesine gore
steroide duyarli veya steroide direncli nefrotik sendrom olarak siniflandirilir
(1).

Steroide direngli nefrotik sendrom (SDNS) nadir bir hastalik olmakla
birlikte c¢ocukluk ve geng¢ erigkinlik doneminde son doénem bdbrek
yetmezliginin en sik ikinci sebebidir (1). Bilinen bir tedavisi yoktur. Hastalik
hizla ilerleyerek hastaylr yasamin devami igin diyaliz veya bobrek nakline
bagimli biraktirir.

Klasik olarak immunolojik nedenli bir hastalik olarak tanimlanan
SDNS, primer sebebi (etyolojisi) ve hastalik mekanizmasi (fizyopatolojisi)
yillardir anlasilmaya c¢alisiimasina ragmen gunimuzde halen tam olarak
aydinlatilamamigtir. Ancak yakin gec¢miste resesif kalitlan NPHS1 (2),
NPHS2 (3-5), LAMB2 (6,7), PLCE1 (8), SMARCAL1 (12), COQ2 (13),
PDSS2 (14,15), COQ6 (16) ve SCARB2 (17) ile dominant kalitilan WT1 (9),
ACTN4 (18), CD2AP (19) ve TRPC6 (20) mutasyonlarinin SDNS’e sebep
oldugu gosterilmistir. Bunlar arasindan WT1 haricinde dominant kalitilanlar
eriskin donem SDNS’ine sebep olmaktadir. WT1 mutasyonlari ise gocukluk
cagl SDNS vakalarinin yaklasik %5’lik bir b6limuna agiklamaktadir (10).

Cocukluk ¢cagi SDNS vakalarinin bayUk bir bélimu, resesif tek gen
mutasyonlariyla agiklanmaktadir. Yapilan bir galismada, yagsamin ilk 3 ayinda
ortaya gikan SDNS vakalarinin %85’i ve yagsamin ilk yilinda ortaya ¢ikan
SDNS vakalarinin %66’s1, dort genden birindeki (NPHS1, NPHS2, LAMB2
veya WT1) mutasyonlarla agiklanabilmigtir (10). Cocukluk ¢agi SDNS’ine en
yuksek oranda (%28) resesif NPHS2/podosin mutasyonlarinin neden oldugu
gosterilmigtir (10). NPHS1/nephrin mutasyonlari, SDNS fenotipine ek olarak

konjenital nefrotik sendroma (prenatal ya da hayatin ilk 3 ayinda ortaya ¢ikan



nefrotik sendrom) (21,22), LAMB2/laminin-32 genindeki mutasyonlar SDNS
fenotipine ek olarak goz anormalliklerine (6,7) ve PLCE1/phospholopase-Cel
genindeki mutasyonlar SDNS fenotipine ek olarak difiz mezanijiyal skleroz
fenotipine (8) neden olmaktadir. Yukarida bahsedilen ve resesif kalitilan
NPHS1, NPHS2, LAMB2 ve PLCE1l genleri haricinde c¢ocukluk c¢agi
SDNS’ine sebep olan diger resesif genlerdeki mutasyonlar ¢ok nadir olarak
gorulmekte (<%1) ve oldukga ayirici fenotipik 6zellikler gdstermektedir.
SDNS fenotipine ek olarak SMARCAL1 mutasyonu kemik anormallikleri ve
immiin yetmezlikle seyreden Schimke immiino-Ossedz Displazi'sine (12);
COQ2 (13), PDSS2 (14,15) ve COQ6 (16) mutasyonlari norolojik bulgular ve
duyma kaybi ile seyreden mitokondrial hastalik fenotipine; SCARB2 (17)
mutasyonlari myoklonik epilepsi fenotipine neden olmaktadir.

SDNS’e sebep olan genlerin haritalanmasi ve tanimlanmasinin
hastalik patogenezi (23-28), tani ve tedavisinin anlasilabilmesi Uzerinde
blaylk etkisi olmustur (29). Molekuler genetik testler sayesinde hastaligin
erken tanisi ve klinik galigmalarda etyolojik siniflandiriimanin yapilmasinda
(30-32); genotip-fenotip (33-41) ve genotip-tedaviye cevap (42-46)
korelasyonlarinin kurulmasinda; SDNS tedavisi igin yeni molekuler hedeflerin
bulunmasi (47,48), hayvanlarda hastalik modellerinin gelistiriimesi (49-52) ile
SDNS tedavisi igcin yeni ilagc (16,53) gelistirimesinde Onemli katkilar
saglamistir.

SDNS’e sebep olan genlerin tanimlanmasi ile glomerdler iglevin temel
bilesenleri ortaya cikariimistir. Renal glomeriler kapillerler 3 hucre
tabakasindan olugur: pencereli endotel, bazal membran ve podosit epitelyal
hicre tabakasi. Podositler noron benzeri hicrelerdir, dallanan hucresel
cikintilar (primer, sekonder ve tersiyer prosesler) ile glomeruler kapillerin
disini sarar. Tersiyer prosesler (foot process), komsu hucrenin tersiyer
prosesleriyle baglanti kurar. Bu baglantilar glomeruler slit membrani
olusturur. Glomeruler slit membran bobregin filtrasyon fonksiyonu ve
proteinin kanda kalmasinin saglanmasi igin kritik 6neme sahiptir. Nefrotik
sendromda bu membranin yapisi bozulmustur. Sekil 2.1’de iki podosit

tersiyer prosesi birbirine glomertler slit mambran ile, glomeriler bazal



mambrana ise integrinler ile baglanmis sekilde gorulmektedir. Glomeruler
islevinde kritik dneme sahip oldugu gosterilmis bilesenler kirmizi renktedir
(Nefrin, Podosin, Aktinin alfa-4, TRPC6, CD2AP, PLCE1, LAMB2) (26).
Mutasyonlari SDNS’e sebep olan bitin gen Urdnleri ya podosit slit membran
veya onun komsulugunda ifade edilirler (NPHS1/nephrin, NPHS2/podocin,
LAMB2/laminin-32, PLCE1/phospholopase-Cél, ACTN4/actinin-a4,
CD2AP/cd2-associated protein, TRPC6/transient receptor potential channel
6). Bunlarin glomeriler fonksiyondaki kritik goérevleri pozisyona badli
klonlama ile gdsterilmistir (2,3,6,18-20). SDNS’e sebep olan genlerin
bulunmasi hastaligin  fizyopatolojisinin  immunolojik  kdkenli  oldugu
paradigmasini yikmig, SDNS’de tedaviye kismi cevap veren ilaglarin (6rnegin
siklosporin A) aslinda glomeruler slit membran sinyal bilesenleri Uzerine

direkt etki ettikleri gosterilmistir (24).

Sekil 2.1. Nefrin, Podosin, Aktinin alfa-4, TRPC6, CD2AP, PLCE1,
LAMBZ2’nin podositlerdeki yerlesimi.



SDNS’e sebep olan genlerin tanimlanmasi, hastaligin tedaviye cevap
korelasyonlarinin kurulabilmesine imkan saglamistir. Ornegin,
NPHS2/podocin mutasyonu tasiyan nefrotik sendromlu vakalarin standart
steroid tedavisine direngli oldugu, ancak bdbrek nakli sonrasinda hastaligin
tekrarlama olasiliginin daha dusuk oldugu (%8’e kiyasla %30) gosterilmigtir
(5). ilging bir bulgu olarak, PLCE1 resesif mutasyonuna sahip iki hasta
steroid veya siklosporin A tedavisine tam yanit vermis, bu bulgu PLCEL1 ile
genetik etkilesime giren potansiyel modifier genlerin aranmasina imkan
saglamistir (8).

SDNS’e sebep olan genlerin belirlenmesi, SDNS tedavisi igin yeni
molekuler hedeflerin bulunmasi (47,48); hayvanlarda hastalik modellerinin
geligtiriimesi (49-52) ile SDNS tedavisi igin yeni ilag gelistiriimesine imkan
saglamistir (16,53). Resesif hastallk mekanizmasinin c¢alisiimasi, gen
knockdown/knockout ile hayvanlarda modelleme imkani vererek oldukga
gucli bir calisma yapmaya olanak tanir. Fare ve zebrafish gibi hayvan
modelleri yuUksek verimli ilag taramasini ve tedavi igin yeni molekuler
hedeflerin tanimlanmasini saglar. Yapilan calismalarda zebrafish hastalik
modellerinin gelistiriimesi ile SDNS tedavisi igin yeni ilag gelistiriimesi
saglanmistir.

Yukarida bahsedildigi gibi SDNS’e sebep olan bir ¢ok gendeki
mutasyonun tanimlanmasi pek ¢ok ilerlemeye neden oldugu halde, SDNS’e
sebep olan genlerin bazilarinin henuz tanimlanmamis olmasi hastaligin
etyoloji, patogenez, erken tani ve tedavi imkanlarinin gelistirimesinde 6nemli
bir sorun olarak 6ne ¢ikmaktadir.

Cocukluk ve geng eriskinlik SDNS’inin molekuler patolojisi buyuk
Olgclude agiklanamamig haldedir ve bu oran yasla birlikte artmaktadir. Resesif
mutasyonlar 0-3 ayda ortaya ¢ikan SDNS’in %85’ini olustururken bu oran ilk
bir yilda %66°’ya, hayatin ilk bir yili sonrasinda ise %15 ile %28’lik bir orana
dusmektedir (10). Cocukluk ve geng eriskinlik SDNS’ine neden olan ancak
henuz ortaya cikartilamamis yeni genlerin varligi homozigotluk haritalamasi
teknigi ile gosterilmistir (11). Yapilan ¢alismada, ¢ocukluk ¢agr SDNS tanisi

konmus 250 aile homozigotluk haritalamasi teknigiyle incelenmistir. Bu 250



ailenin 100’Unde (%40) yeni homozigot aday bolgeler oldugu gosterilmigtir.
Bu da SDNS’e sebep olan ancak henuz tanimlanmamig en az 20 tane daha
genin varligini isaret etmektedir.

Cocukluk ve geng eriskinlik SDNS’ine neden olan ancak henuz ortaya
cikartilamamig yeni genlerin varligi bilinmesine ragmen, bu genlerin
heterojenligi ve nadir gozlenmesi (<%1), yeni bir genin bulunmasina ciddi
sinirlamalar getirmektedir. Protein kodlayan genler insan genomunun sadece
%1’ini olugturmasina ragmen mutasyonlarin %85’ini barindirmaktadir (54).
Buglne dek sebebi aciga c¢ikartiimis 2600 Mendel hastaligi arasinda, tum
genom oOlgekli iliskilendirme ¢alismalari ile tanimlanan sik risk varyantlarinin
hastalik riskinde sadece kugulk bir etkisi oldugu gosterilirken (55,56), Mendel
hastaliklarinin gogunun protein kodlayan genom bdlgeleri ya da canonical
splice site’ta olan nadir mutasyonlardan kaynaklandigi gdsterilmistir (54).
Ancak genomdaki her bir kodlayan bolgeyi teker teker analiz etmek oldukca
zahmetli ve zaman alicidir. Bu arastirmalar genomun tim kodlayan
bdlgelerinin (eksom) dizilenmesi fikrini hayata gecgirmek igin yeni bir teknoloji
geligtiriimesine fikir vermigtir. Eksom saptama ve yuksek Olgekli dizileme,
hedef bolgelerin hibridizasyonunu tim eksom Olgegine tagimaktadir. Bu
metodun hastaliklara neden olan genlerin bulunmasinda onemli bir
potansiyeli oldugu yapilan ¢alismalarda gosterilmistir (57-61).

SDNS’e sebep olan yeni bir genin tanimlanmasi, tedavisi mumkuin
olmayan bu hastaligin etyolojisinin ve fizyopatolojisinin aydinlatiimasina,
mekanizmasinin agikliga kavusmasina, hastaligin taranmasina, erken
tanisina, hastaligin tedavisi icin molekuler hedeflerin ortaya ¢cikmasina ve ilag

tedavisi imkanlarinin gelisimine yardimci olacaktir.

2.2. Cocukluk Donemi Steroide Direngli Nefrotik Sendroma Neden Olan

Genlerin Arastiriimasi

2.2.1. Homozigotluk Haritalamasi

Resesif tek gen hastaligindan etkilenen bireyin hastalida neden olan
gendeki mutasyon acgisindan homozigot olmasi gereklidir. Dolayisiyla
hastaliktan etkilenen bireyin ebeveynlerinin hastaliga neden olan geni



heterozigot olarak tagsimasi beklenir. Aralarinda akrabalik olan ebeveynlerin
nadir bir hastaliga neden olan ayni heterozigot alele sahip olmasi
durumunda, sézkonusu alelin ¢ok blyuk ihtimalle her iki ebeveynin ortak bir
atasindan kaynaklandigi dasunullir. Ebeveynlerin ortak atasinin sahip oldugu
alel nesilden nesile aktarilarak ©once ebevenlere sonra hasta bireye
tasinmigtir. Dolayisiyla nadir bir resesif hastaliga sahip ve ebeveynleri
arasinda akrabalik olan bir birey ¢ok buyuk ihtimalle homozigot hastalik
alellerini ortak atadan kalitilarak alacaktir (identical by descent). Ayrica
mutasyona ¢ok yakin yerlesimli kromozomal segment cross-over ile
rekombinasyona ugramayacagi i¢in bu bolgedeki SNP genetik belirleyiciler
de ortak atadan kalitilarak homozigot kalacaklardir. Sekil 2.2’de hastaliga
neden olan geni ¢evreleyen kromozomal segmentler, genin her iki tarafinda 3
SNP genetik belirleyici ile gosterilmistir. Degisik SNP genetik belirleyiciler
farkh renklerle temsil edilmektedir. Her ne kadar her ebeveyn-gcocuk
aktariminda, ebeveyn gametlerinde cross over ihtimali olsa da, mutasyonun
yakinindaki genetik belirleyiciler birbirlerine olan yakin yerlesimleri nedeniyle
rekombinasyona ugramayacak ve ortak atadan kalitilarak es kalacaklardir.
Pozisyona bagll klonlama, bu bdlgenin polimorfik genetik belirleyicilerle
yapilacak tum genom taramasi ile homozigot olarak tanimlanmasi prensibine
dayanir (62). Bu homozigot genetik belirleyiciler ¢ok nokta analizinde
(multipoint analysis) LOD deger peak’i olarak tespit edilerek, hastaliga neden
olan genin tespitine olanak saglayacaktir (63) (Sekil 2.3). Pozisyona bagli
klonlama hastaligin ortak atadan kalitildigi ailelerin incelenmesiyle baglar.
Homozigotluk haritalamasi ile ortak kalitilan genomik bdlgeler tanimlanmaya
calisilir. Béylece aranilan gen belli bir kromozom bdlgesine indirgenir. Baska
ailelerde de cross-overlarin goézlenmesi ile genin bulundugu bdlge
daraltimaya, aday gen sayisi azaltimaya caligilir. Son olarak hastaliktan
etkilenen bireylerde fonksiyon kaybina neden olan mutasyonlarin
gosterilmesi ile hastaliga neden olan mutasyonun bu genden kaynaklandigi
ispatlanir. Bu teknik kullanilarak simdiye dek birgok resesif hastalik geni
ortaya cikartilmigtir (8,16). Ebeveynler arasindaki akrabalik derecesinin uzak

olmasi cross-over igin daha fazla olasilik olmasina ve etkilenen bireyin



hastaliJa neden olan geni daha az sayida ve daha kisa homozigot
segmentler icinde barindirmasina neden olurken, yakin akrabalik durumunda
etkilenen bireyde daha fazla sayida ve daha uzun homozigot segmentler

gorulmesi beklenir (11,64).

< > |= Normal allel

:EI*D::I X = Mutant allel
:|:|+E|::|

i

0o

O
o

IRHTT

EEE CEEE EEE RSN

—

-::l*l::D Hastaliga sebep olan genin yakinindaki
genetik belirleyiciler ortak atadan
:I*E- aktarildiklari icin homozigottur.

Sekil 2.2. Ortak atadan kalitilarak homozigotluk.

Aile agaci Kromozomal Bdlgenin Aday genler Hastaliga neden
yerlesim klonlanmasi olan mutasyon

) | it b
i I | .

T
l I | | I .I- r
| -
Hem | || ' u € € Lo
. i || ¥ -
|-
moLe i ||
i | I -
— — — . T 1
Genetik e Fiziksel Transkript Gen dizi
haritalama haritalama haritalama analizi

Sekil 2.3. Pozisyona bagl klonlama teknigi.



10

2.2.2. SDNS’e Neden Olan Yeni Genlerin Bulunmasinda
Homozigotluk Haritalamasi Tekniginin Uygunlugu

SDNS’e neden olan yeni genlerin bulunmasinda homozigotluk
haritalamasi tekniginin uygulanabilir olmasi igin resesif kalitlan SDNS
genlerindeki mutasyonlarin birlesik heterozigottan ziyade homozigot
mutasyon olmasi gerekmektedir. Daha 6nce yapilan bir galismada, SDNS’e
sahip tim danya olgekli bir hasta grubunda hastalia neden olan ve resesif
kalitilan 2 gendeki (NPHS1 ve NPHS2) mutasyonlar tespit edildiginde,
NPHS1 bi-alelik mutasyonlarinn %67’sinin (42,45) ve NPHS2 bi-alelik
mutasyonlarinin %45’inin (10) homozigot oldugu gosterilmigtir. Bu nedenle
SDNS’e neden olan yeni bir genin tanimlanmasi igin bu arastirmada
homozigotluk haritalamasi tekniginin kullaniimasi planlanmigtir.

Ebeveynleri arasinda akrabalik bulunan ya da etnik kokeni akraba
evliliginin sik goraldugu bir bdlge olan (inbred) bireylerde, resesif hastalik
genlerindeki homozigot mutasyonlarin hemen hemen her zaman ortak bir
atadan kalitilan homozigot SNP genetik belirleyici segmentlerinde yerlestigi
ve bu nedenle homozigotluk haritalamasi teknigiyle haplotip bloklarinin
yerinin tespitinin mimkdn oldugu daha onceki bir galismayla gosterilmigtir
(62). Bu calismada baglanti analizi igin parametrik LOD degeri hesaplamasi
kullaniimisgtir. Baska bir arastirmada ise ebeveynleri arasinda akrabalik
bulunmayan ya da etnik kdkeni akraba evliliginin sik gorilmedigi bir bolge
olan (outbred) bireylerde de resesif hastallk genlerindeki homozigot
mutasyonlarin  homozigotluk haritalamasi teknigiyle belirlenebilecegi
gOsterilmigtir (11). Bu arastirmada baglanti analizi icin parametrik olmayan
LOD degeri hesaplamasi kullanilarak, parametrik LOD degeri hesaplamasi
icin gerekli olan birka¢ kusakli genis ailelerin kullaniimasi kisitlamasinin
ustesinden gelinmistir (11). Bu arastirmada resesif bobrek hastaligina neden
olan 13 farkli gende (Nephronophitisis (NPHP) genleri: NPHP1-9; NPHP
benzeri fenotip genleri: AHI1, MKS3 ve SDNS genleri: NPHS1 ve NPHS2)
homozigot mutasyona sahip olan ve ebeveynleri arasindaki akrabaglik
dlzeyi birinci derece kuzen evliliinden outbred bireylere kadar genis bir

dagihmda olan 72 bireyde, 250K SNP c¢ip ile homozigotluk haritalamasi



11

calismasi yapilmigtir. 72 bireyin 67’sinde (%93) hastaliga neden olan
gendeki homozigot mutasyon, iginde bulundugu homozigot haplotip
tarafindan olusturulan parametrik olmayan LOD deger peak’i ile tespit
edilebilmigtir. Hastaliga neden olan gendeki homozigot mutasyonun
parametrik olmayan LOD deger peak’i ile tespit edilemedigi 5 bireyde ise,
genin bulundugu homozigot haplotipin uzunlugunun mutasyon tespit sinirinin
altindaki bir kisalikta (2.1 megabaz'dan daha kisa) olmasindan dolayi
homozigot haplotipin LOD deger peak’i olusturmadigi goézlenmigtir. Ayni
calismada  homozigotluk  haritalamasinin  homozigot = mutasyonlari
saptamadaki 6zgulligu yani LOD deger peak’lerinin homozigot olmayan
bireylerde de siklkla goérulup goértulmedigi (yanhs pozitiflik), homozigot
mutasyona sahip bireylerin ebeveynlerinden olusan 20 kisilik bir gurubun
homozigot haritalanmasi ile arastinimistir. Arastirmada ebeveynlerin
%65’inin (13/20) LOD deger peak’ine sahip olmadigr bulunmustur. Bu
nedenle teknigin %65 6zgul oldugu distnulmistir. Ozgllliginin %65
olmasi; yanhg pozitif bir LOD deger peak’inin sans eseri iki bireyde birden
ayni bolgeye lokalize olup yanhs bir aday bolge isaret etme olasiliginin
yaklagik 1:1000 (0.35 x 0.35 = 0.1225) olmasi nedeniyle gen tanimlanmasi
icin bir risk teskil etmedigi dusunulmasgtar (11).

2.2.3. Eksom Saptama ve Yiiksek Olgekli Dizileme

Cocukluk ve geng eriskinlik SDNS’ine sebep olan ancak henlz ortaya
cikartimamis genlerin  varligi homozigotluk haritalamasi teknigi ile
gosterilmigtir (11). Ancak bu genlerin heterojenligi ve nadir gézlenmesi
(<%1), yeni bir genin bulunmasina ciddi sinirlamalar getirmektedir. Yakin
zamanda insan genomumun tum kodlayan bdlgelerinin dizilenebilmesi bu
durumu dramatik bir sekilde degistirmistir (57-61). Modern teknolojik bir
devrim olan eksom saptama ve yuksek Olgekli dizileme ile belirli bir genomik
bdlgedeki tim DNA dizi degisiklikleri gézlenebilmektedir.

Bu ¢ok avantajli teknigin zorlugu ise, normal genomik referans dizisine
gore ¢ok sayida varyant tespit etmesi ve hastaliga neden olan mutasyonun
tespitinin gu¢lesmesidir.
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2.2.4. Homozigotluk Haritalamasi ile Eksom Saptama ve Yiiksek
Olgekli Dizileme Verilerinin Birlestirilmesi

Resesif hastalik genlerindeki homozigot mutasyonlarin hemen hemen
her zaman ortak bir atadan kalitlan homozigot SNP genetik belirleyici
segmentlerinde yerlestigi ve bu nedenle homozigotluk haritalamasi teknigiyle
haplotip bloklarinin yerinin tespitiyle yeni genlerin bulunmasinin mumkun
oldugu daha onceki calismalarla gdsterilmistir. Ancak pozisyona badgli
klonlama teknigi ile belirlenen bdlgedeki aday genlerin ¢oklugu ve bunlarin
tek tek analiz edilmesinin oldukga masrafli olmasi ve pratik olmamasi, yeni
gen tanimlanmasinda dnemli bir hiz kesici faktor olmustur.

Eksom saptama ve ylksek Olgekli dizileme teknikleri ile belirli bir
genomik bdlgedeki tim DNA dizi dedisiklikleri gosterilebildigi icin nadir
genlerin tanimlanmasinda teknolojik devrim niteligindedir. Ancak bu teknigin
¢cok sayida varyanti tespit etmesi nedeniyle hastaliga neden olan
mutasyonun bu varyantlar arasindan tespiti oldukga gugtur.

Bu nedenle arastirmada homozigotluk haritalamasi teknigi ile eksom
saptama ve yuUksek Olcekli dizileme tekniklerinin birlestirildigi bir yaklagimin
kullaniimasi planlanmistir (61). Bu sayede eksom saptama ve yuksek olgekli
dizileme ile ortaya ¢ikan g¢ok sayidaki varyasyonun yarattigi arka plan’in
(background), homozigotluk haritalamasi teknigiyle filtrelenerek aday bdlge
sayisinin azaltilacagi ve filtrelenen varyantin mutasyon olma 6zgulliguntn
artacagi dusunulmastar.

Ayni aile icinde ayni resesif hastaliktan etkilenen bireyler hastaliga
sebep olan gendeki mutasyon igin ortak atadan kalitilarak es olacak ve
hastalija sebep olan genin yakinindaki genomik bdlgeler de hastalija sebep
olan genle birlikte degismeden aktarilacaktir. Dolayisiyla hasta bireylerin
tamaminin homozigotluk haritalamasi sonucu hastaliga sebep olan genin
icinde bulundugu haplotip blogunun olusturdugu LOD deger peak’ine sahip
olmasi gerektigi dusunulmustir. Bu durumda, hastaliga sebep olan genin,
hasta bireylerin hepsinin ortak olarak sahip oldugu LOD deger peak’lerinde

olmasi beklenir.
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Bu sayede eksom saptama ve yuksek olgekli dizileme ile ortaya ¢ikan
¢cok sayidaki varyasyonun, sadece hasta bireylerin hepsinin ortak olarak
sahip oldugu LOD deger peak’lerinde olmasi durumunda hastaliga sebep

olan mutasyon olabilecegi varsayimiyla filtrelenmesi planlanmistir.

2.3. Amag

Cocukluk ve geng eriskinlik SDNS’ine sebep olan ancak henuz ortaya
cikartiimamis genlerin bulunmasi dogrultusunda ilk basamak olarak, klinik
incelemeler sonucunda c¢ocukluk c¢agi SDNS fenotipine sahip oldugu
belirlenen aileler, gocukluk ¢agi SNDS’ine yuksek oranda sebep oldugu
bilinen genlerdeki (NPHS1, NPHS2, LAMB2, PLCE1 ve WT1) mutasyonlar
acisindan direkt DNA dizi analizi ile taranmistir. Bu 5 gen haricinde gocukluk
¢agl SDNS’ine sebep olan SMARCAL1, COQ2, PDSS2, COQ6 ve SCARB2
resesif mutasyonlari ¢ok nadir olarak gorulmekte (<%1) ve oldukga ayirici
fenotipik 6zellikler gostermektedir (SMARCAL1- Schimke Immuino-Osse6z
Displazi; COQ2, PDSS2,COQ6- noérolojik bulgular ve duyma kaybi ile
seyreden mitokondrial hastalik; SCARB2- myoklonik epilepsi). Arastima
grubunda bu 06zelliklere sahip bireyler bulunmamasi nedeniyle, bu genlerin
taranmasi yapilmamigtir. Arastirma grubundan, hastaliklari genetik olarak
aciklanmig hastalarin diglanmasi, grubun geri kalan kismindan segilecek
ailelerde ileri inceleme yapilmasi ve hastaliktan sorumlu olabilecek olan yeni
genlerin bulunmasini saglayacak ilk basamagi olusturmustur.

Arastirmanin ikinci basamaginda SDNS’e sebep oldugu bilinen
genlerdeki mutasyonlara sahip olmadigi yonunde filtrelenmis olan ve
ebeveynleri arasinda akrabalik oldugu bilinen 85 aile, homozigotluk
haritalamasi ile ileri analize génderilmigtir.

Arastirmanin Uguncu basamaginda ise, homozigotluk haritalamasi ile
analiz edilmig 85 ailenin iginden segilen bir aile eksom saptama ve yuksek
Olcekli dizileme ile analiz edilerek SDNS’e neden olabilecek gen saptanmaya

calisiimistir.
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3. GEREG VE YONTEM

3.1. Geregler

3.1.1. Arastirma Grubu

Son 13 yilda Pediatrik Nefroloji Laboratuvari, Michigan Universitesi,
Ann Arbor, ABD’ye gocukluk ¢cagi SDNS mutasyon analizi igin tum duinyadan
gonderilen 2191 kisi (2056 farkli aileden gelen) arastirma grubunu
olusturmustur. Hastalarin calismaya katilimi Institutional Reviews Board
Michigan Universitesi, ABD tarafindan onaylanmigtir. SDNS tanisi pediatrik
nefrologlar tarafindan Ozellesmis merkezlerde kabul edilen kriterlere gore
yapilmistir  (Arbeitsgemeinschaft fur Padiatrische Nephrologie). Kan
ornekleri, aile agaci bilgileri ve klinik bilgiler www.renalgenes.org adresinden
ulasilabilecek olan standart bir anket formu ile toplanmistir (Bkz. EK 1. Klinik
Bilgi Formu). Ayni adreste aydinlatiimig onam formu da bulunmaktadir (Bkz.
EK 2. Aydinlatilmis Onam ingilizce/Tuirkge).

3.1.2. Mutasyon Analizi

Genomik DNA izolasyonu

» Puregene DNA pdurifikasyon kiti (Gentra)
* %100 isopropanol (Sigma Aldrich)

* %70 etanol (Sigma Aldrich)

Polimeraz Zincir Reaksiyonu

» 2X Taq PCR Master Mix Kit (Qiagen)

*  **Primerromwarg (100 uM) (Integrated DNA Technologies)

o "Primergeverse (100 uM) (Integrated DNA Technologies)

NPHS1 geninin 1. eksomu yuksek GC nukleotit oranina sahip olmasi
nedeniyle, amplifikasyonu icin dH,O yerine “Q solution” (Qiagen, Germany)
kullaniimistir.

**Calismada kullanilan tium primerler Primer3 Input (version 0.4.0)

programi ile tasarlanmistir.
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Agaroz Jel Elektroforezi

10X Tris Borat EDTA tampon pH 8.3 (Sigma Aldrich)

Agaroz (Sigma Aldrich)

Yiikleme Tamponu

Gliserol (Merck)

Distile su

Orange G (Merck)

Etidyum bromur (Sigma Aldrich)

50 b¢ DNA Molekdiler agirlik belirteci (Promega)

DNA Dizi Analizi

Big Dye Terminator v3.1 Tampon (5X) (Applied Biosystem)
Big Dye Terminator Mix v3.1 (Applied Biosystem)

5 M Sodyum Asetat (Sigma Aldrich)

%99 Etanol (Sigma Aldrich)

%70 Etanol (Sigma Aldrich)

Hi-Di Formamid (Applied Biosystem)

3.1.3. Homozigotluk Haritalamasi

GeneChip Human Mapping 250K (Styl) Array (Affymetrix) genotipleme

icin, oOrneklerin islenmesi, hibridizasyonu ve taranmasi, uretici firmanin

protokolu takip edilerek University of Michigan Core Facility’den hizmet alimi

seklinde gergeklestirilmistir (www.michiganmicroarray.com).

Homozigotluk Haritalamasi i¢cin Kullanilan Yazilimlar

GENEHUNTER yazilimi: Non-parametric likelihood ratio z-scores”
(ZLR scores) hesaplanmasi (alel paylasiminin hesaplamasi).
ALLEGRO yazilimi: homozigot segment tespiti.

GNUPLOT vyazilimi: ZLR degerleri genom boyunca genetik
uzaklhga gore, kromozom pozisyonlari p kolundan q koluna (soldan
saga) uzanacak sekilde isaretlenmesi (http://www.gnuplot.info/).

ALOHOMORA yazilimi: ZLR degerleri insan genom dizilerinde her



16

100,000 nukleotitte bir genetik belirleyici kullanilarak minor alel
frekanslari >0.2, >0.3 ve >0.4 olan 3 farkh kosulda hesaplanmasi.

3.1.4. Eksom Saptama ve Yiiksek Olgekli Dizileme

Eksom Saptama

* NimbleGen 2.1M Human Exome Array (Roche/NimbleGen)

Saptanan DNA Parcgaciklarinin Yiiksek Olgekli Dizileme igin
Hazirlanmasi

* DNAse-1 endonulkleaz (Roche)

» Bal31 eksonukleaz (New England Biolabs)

« EGTA (Sigma Aldrich)

* PZR purifikasyon kit (Qiagen)

* 20 mM Tris-HCL (pH 7.5) (Sigma Aldrich)

2 mM CaCl; (Sigma Aldrich)

* 20 mM MnCl, (Sigma Aldrich)

« EDTA (Sigma Aldrich)

Yiiksek Olgekli Dizileme

* DNA kutuphanesi olusturulmasi: Genomic DNA sample prep kit

(Nlumina).
* lllumina Genome Analyzer II: University of Michigan Core
Facility’den hizmet alimi seklinde gerceklestirilmigtir

(www.michiganmicroarray.com).

« Genome Analyzer Pipeline 1.5: Goruntu analizi ve bazlarin
¢agiriimasi (lllumina).

« FASTQ: Cagirlan her baz icin DNA dizi bilgisinin ve Kkalite
degerlerinin incelenmesi (lllumina).

¢ CLC genomics workbench (CLC-bio):Filtrelenmis ylksek kalitedeki

dizilerin insan referans genomuyla karsilastiriimasi.
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3.2. Yontemler

3.2.1. Ailelerde Mutasyon Analizi Yapilacak Genlerin Belirlenmesi

Arastirma grubunun Kklinik 6zellikleri dogrultusunda, hangi hastada
hangi genin mutasyon analizi yapilacagina karar verilirken asagidaki strateji
izlenmistir.

1.Aragtirma grubunun tumu cocukluk ¢agr SDNS’inden en ylksek
oranda sorumlu olan NPHS2/podocin (%10-28) ve WT1 (%5) mutasyonlari
agisindan taranmigtir. NPHS2'nin tim 8 eksonu ve WTL1'in yalnizca 8 ve
9’uncu eksonlari DNA dizi analizi ile mutasyon analizine tabi tutulmustur
(WT2'in sadece 8 ve 9uncu eksonundaki mutasyonlarin SDNS’e sebep
oldugu gosterilmistir) (9). NPHS2 DNA dizi analizinde kullanilan primerler
Tablo 3.1'de verilmigtir. WT1 dizi analizinde kullanilan primerler Tablo 3.2'de

verilmistir.

Tablo 3.1. NPHS2'nin gogaltiimasinda kullanilan PZR primerleri.

Ekson Ayrisma derecesi Ampilikon

numarasi Primer (Tm °C) Uzunlugu (bg)
5-AGTCCACAGCTCCACCAAGAC-3’ 60.41

Ekson 1 408
3-AGGTTGCTGGGTTCCTAACTTAC-5 59.99
5-AATACCAAGAATTGGACCAACAG-3 57.48

Ekson 2 244
3-CAGAAAACAGAAGTGAGAATGGG-5’ 60.2
5-CTTATGCCAAGGCCTTTTGAAG-3’ 60.20

Ekson 3 205
3-ATCTGCATGGGTTGAAGAAATTG-5 60.31
5-AGAAAGGTGAAACCCAAACAGC-3 59.08

Ekson 4 218
3-ATCATTTTGTCCACGGTAGGTAG-5 57.39
5-TCTAACCCCACATAGGAAAGGAG-3’ 60.33

Ekson 5 364
3-GGATGGAACTGGCCATAGAAG-5’ 61.23
5-CTTAGTACAGAACAATGGCCACC-3 59.57

Ekson 6 299
3-TGGCTGTAAGATATTAGGTGATTTG-5 58.71
5-GACAGCAGTAGAGAGGCTTGC-3 59.40

Ekson 7 255
3-AATGGACAGTAAGGAAGCAAAGG-5’ 60.12
5-AGTAGATGCTCAGTGCTTGTCTG-3 59.74

Ekson 8 463

3-GAATGAGGACAGAGTGTCTCCC-5 60.01




Tablo 3.2. WT1’in gogaltiimasinda kullanilan PZR primerleri.
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Ekson Ayrisma derecesi Ampilikon

numarasi  Primer (Tm °C) Uzunlugu (bg)
5-ATTCACCCACCCACCCAC-3 61.52

Ekson 1-1 507
3-TGAAGGAGTGAGGCGGC-5 61.11
5-TGTGCCCTGCCTGTGAG-3’ 60.59

Ekson 1-2 475
3-TAAGAGCTGCGGTCAAAAGG-5’ 60.51
5-TGGTTCAGACCCACTGCC-3’ 60.69

Ekson 2 252
3-GGAGAGGAGGATAGCACGG-5’ 59.77
5-GGCTCAGGATCTCGTGTCTC-3 59.95

Ekson 3 324
3-GTGCCTCCAAGACCCTGC-5 61.83
5-TCCATTGCTTTTGAAGAAACAG-3 59.38

Ekson 4 217
3-CTTTGAAATGGTTCAAACAGG-5 57.27
5-CACTGGATTCTGGGATCTGG-3 60.47

Ekson 5 186
3’-GCCAGTCAGCAAGGCCTAC-5 60.96
5-ATTTCCAAATGGCGACTGTG-3 60.89

Ekson 6 217
3-GGCCGGTAAGTAGGAAGAGG-5’ 60.09
5-CAGTGCTCACTCTCCCTCAAG-3’ 60.18

Ekson 7 289
3-CTGGAAAAGGAGCTCTTGAAC-5 58.19
5-GTTGCCTTTAATGAGATCCCC-3 58.97

Ekson 8 215
3’-GAATCATGAAATCAACCCTAGCC-5 59.39
5-GGAAATCTAAGGGTGAGGCAG-3 60.43

Ekson 9 226
3-AGTCTTTTCCAATCCCTCTCATC-5 58.57
5-AATTCAGAGTGGGTGCCTTG-3 60.11

Ekson 10 305
3-GAGGAGTGGAGAGTCAGACTTG-% 58.12

2. Arastirma grubu iginden SDNS ortaya ¢ikis yasi hayatin ilk 3 ayinda

gerceklesen hastalarda NPHS2/podocin ve WT1’e ek olarak NPHS’in tum 29

eksonu DNA dizi analizi ile mutasyon analizine tabi tutulmustur (SDNS ortaya

cikisi hayatin ilk 3 ayinda gerceklesen hastalarda NPHS1 mutasyonlari %88

oraninda gorulmektedir) (10). NPHS1 dizi analizinde kullanilan primerler

Tablo 3.3’de verilmistir.
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Tablo 3.3. NPHSZ'in ¢ogaltiimasinda kullanilan PZR primerleri.

Ayrisma Ampilikon

derecesi Uzunlugu

Ekson numarasi Primer (Tm °C) (bg)
5-AAGGGAGGAGAGTAACGGAAAG-3’ 61.17

Ekson 1-2 521
3-GATCACTCTGGGAGACACGAG-5 61.78
5-GGATCAGAGCCTGAGACCCTC-3 58.93

Ekson 3-4 556
3’-GAACACACACCCTTCCCACTC-5 59.86
5-CCATGCTCCCCAGAATCTATC-3’ 60.17

Ekson 5 196
3-GGTTCCCATGGGGAAAATTAG-5 58.23
5-TCTCTAGGCTCCAATTCTCACTG-3 57.02

Ekson 6-7 539
3-ACACACAGATGGTTCTCTGAGG-5 59.64
5-ACTGCAGTGGCTGAAGGTGAG-3 58.97

Ekson 8 310
3-CTGAGATCTTTGGCATCCAGTAG-5 59.29
5-TGGGCTGGTCTGTGAGAAATC-3 59.66

Ekson 9 286
3-TTCCCTATCCACGAGTCATGC-5 60.84

-CTCTAGCA -3 .

Ekson 10-11 5-CTCTAGCACGATGGATAGGGG-3 60.05 489
3’-CAAGATTCTGAAGGAGAGAAGGG-5 60.84
5-TCACTCAGTTCCACTCCCCAC-3 60.94

Ekson 12 324
3-GAGGAGCGAGACTCAGAGGTTAG-% 60.20
5-GAGAAATCTGGGAGCACCTTC-3 61.33

Ekson 13-14 558
3-AAGACCCAAGGAGTAGTTTAGGG-5 59.12
5-CAACTTTAACCCTTGAACCTGTG-3 59.79

Ekson 15-16 494
3’-GAGCTCCCACAATGAGGAGAC-5 60.66
5-CTAAGACATCCCTCCCACCTG-3 59.92

Ekson 17 262
3’-GGAACTCACAGTCAAGAAACCAC-% 60.38
5-GGCTAGGAGAATGAGGCTACAG-3 60.00

Ekson 18-19 558
3-CTTCCTTCTCTGCAGGGACTC-5 59.62
5-TGGATAGATAGGCAGACGGTTAC-3 59.05

Ekson 20 275
3-CCTCACACATACACAGAACTTCC-5 61.13
5-CTAGGGAAAACCTGGACAGAATC-3 59.43

Ekson 21-22 508
3-TTCACCATACTACCCTACACATCC-5 59.20
5-ATGAATCTAATAGGCTTAAGAAGAGG-3 59.35

Ekson 23 207
3-TAAGCAGCTGTGACTACAAGCAG-5 59.65

-ACTT -3 .

Ekson 24-25-26 5-ACTTGGTCAGGGCTACACTTTC-3 61.02 607
3’-ACAAACAAAGCCCTTTCCATC-5 59.54
5-ATCAGGTTGATCATTGCCCTTC-3’ 60.46

Ekson 27-28 442
3-TAGGAGGTAGGCTCCCAGCAC-% 59.7
5-GAAGTTAAGCAGGGGCATGTATC-3’ 59.92

Ekson 29 324

3-TTGGGTTTTATGGAGCTCACC-5 59.93
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3. Arastirma grubu igcinden SDNS fenotipi ve bobrek biyopsisi difuz
mezanijiyal skleroz histolojisi gosteren hastalarda NPHS2/podocin ve WT1’e
ek olarak PLCEZY’in tum 31 eksonu DNA dizi analizi ile mutasyon analizine
tabi tutulmustur. PLCE1 mutasyonu, SDNS ve bobrek biyopsisi difiz
mezanjiyal skleroz histolojisi gosteren hastalarda gosterilmigtir (8). Sekil
3.1°in ‘A’ penceresinde normal olgun glomerul histolojisi gosterilmektedir. ‘B’
penceresinde LAMB2 veya PLCE1 gen mutasyonunda gorulen diflz
mezanijiyal glomeruloskleroz histopatolojisi, kiiguk, tam gelismemis glomerdl
ve bosluklu podositlerin sklerotik glomeruler agr ta¢ seklinde sardigi
gosterilmektedir. 'C’ penceresinde gestasyonel geligsimi 28 hafta seviyesinde
olan podositler'in DMS benzeri histoloji gdsterdigi izlenmektedir.

PLCE1 dizi analizinde kullanilan primerler Tablo 3.4’te verilmigtir.

Sekil 3.1. Normal glomerul, difuz mezanjiyal glomeruloskleroz ve

gestasyonel gelisimi 28 hafta seviyesinde olan glomerdllerin histolojik
karsilagtiriimasi. A. Normal olgun glomerul; B. LAMB2 veya PLCE1l gen
mutasyonunda gorulen difuz mezanjiyal glomeruloskleroz histopatolojisi; C.
Gestasyonel gelisimi 28 hafta seviyesinde olan podositlerin DMS benzeri

histoloji gosterdigi izlenmektedir.



Tablo 3.4. PLCE1'in gogaltilmasinda kullanilan PZR primerleri.
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Ayrisma Ampilikon
Ekson derecesi Uzunlugu
numarasi Primer (Tm °C) (bg)
Ekson 1 1 5-CTTTGGGAGGACTTGTGTATCTG- 59.20 585
- 3-ATGGAAGGTCTGTCTAGTTCCAG-5 59.24
Ekson 1 2 5-CTGCAACAACATATTGAGAAACC-3 61.03 555
— 3-AAAAGGTCTTGGCAGCTTGAC-5’ 59.48
Ekson 2 5-ACCTGTAAACTGATGGAATTGGC-3’ 60.72 590
3-CAATTATGACAATGGAAATTTGG-Y 58.30
Ekson 3 5-AGTGTTTGCACTTGGAGCATC-3 60.14 501
3-TGAACTTAATTTTCCATCAGGAG-5’ 57.45
Ekson 4 5-CAAGTAAATATCTGTTGCAGGGG-3’ 60.92 435
3-TATGCTTGAAAATCACTTACGGG-5’ 60.12
Ekson 5 5-CAGGACCTACAGGTCTTTCATTTC-3 59.20 376
3-GGACAATTAATTCAGTGCCATTC-% 59.96
Ekson 6 5-GAATTTAGGCTCCTTGCTGTAAAC-3 59.72 397
3-AGACAGGGCCTGATGAGACAG-5 60.83
Ekson 7 5-CTAGCCAAGTATGTTATCCAGGC-3’ 58.23 340
3-AAGTAGGAAACAACTCATCAACAGG-5 59.98
Ekson 8 1 5-GTGAAAATGTCTTTGGGTTGTTC-3 59.51 461
- 3'-CCATGTATACAGCCTTCACTGC-5 61.25
Ekson 8-2 5-GACAATAGCACCTTGACCTGG-3’ 60.07 458
3-AGTAACTGTCAGAGCTGGGAGC-5 60.94
Ekson 9 5-CATTAATATATTTACTTCCCCATTGC-3 58.38 313
3-ATGTTCACCATACAGCGGTCC-5 58.44
Ekson 10 5-GAACTAAAGCAGTGATGGGAGAG-3 58.59 305
3-AAATGTTTGCAATGCTTAAATCAC-5 59.48
Ekson 11 5-TTGTATTTGGTTCTGAGGGAAAG-3’ 59.53 297
3-TGTAAAGATATGCCCTTCCACAC-5’ 60.25
Ekson 12-13 5-AAGTCTGGTGGGACAGAATCAC-3 57.89 491
3-GAGTTTGTGTGACTGGACCTCTG-%’ 58.03
Ekson 14 5-GAACTTTGCAAAAGATGCTGG-3’ 60.39 406
3-GTCCCAGATTTAAAGGCTTTGG-5 58.6
Ekson 15-16 5-AAAATGATGTGGTGGTTTCTTTC-3 59.24 477
3-TAAGCTCTTCAAAGGAGTCTGGG-5 60.23
Ekson 17 5-CTACATGCTGGGTTTAGTTCGAG-3’ 59.83 267
3-GATGGTACCACTCTACTCCAGC-5 57.35
Ekson 18 5-TTCTGTGGCTATAACTACCCTGC-3’ 59.72 238
3'-CCAATGACAATTGCAAAACAAG-5 59.56
Ekson 19 5-CAGCTTCTTTCCTAGTTCCTCTTC-3’ 60.90 472
3-ATTGGTCTATGGAATGAAAAGCC-5 59.79
Ekson 20 5-AACGATTGTGTTAAACATCAGGG-3’ 58.01 321
3-GTATTACTGGTCTTTGGCGCTC-5’ 59.34
Ekson 21 5-TAGCTCTTAAGTGAAGCATTGGG-3’ 58.99 262
3-TATCACCAAGTGAACTTTGGCAG-5’ 59.66
Ekson 22 5-ATAAAAGAGCTTTGGGAATCCAG-3 61.10 278
3-TTTTGAGAGTGTTCACAATGCC-5 59.68
Ekson 23 5-AATGTTGAGTTGCCTTGCTTG-3 58.93 270
3-GGGAAGTGCTTAGACAGTAAAATATC-5 58.06
Ekson 24 5-TGCTATGACTGTTTACTGGGATG-3 59.17 480
3-TACTCTCACATATGGTGTGCCC-5 60.58
Ekson 25 5-TAAGGTGATACTTAAGCGACAAAG-3 57.02 290
3'-CAAAACCAGTTCGTTTTCAGG-5 59.85
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Tablo 3.4. (devam) PLCEZY’in ¢ogaltiimasinda kullanilan PZR primerleri.

Ayrisma Ampilikon

Ekson derecesi Uzunlugu

numarasi Primer (Tm °C) (bg)

Ekson 26 5-AGCAGTGAGGTGCAGAGGTTG-3 61.15 39
3-TAAGGAAATTCTGGCATCCATC-5 59.76

Ekson 27 5-ACTTCCAGGAGCATCTTCTTTTC-3 59.06 243
3'-CCCACCTTCAGTGTAGCAATC-5 59.36

Ekson 28 5-GCACCTCTGTATCAAATAGAGCTTAG-3 59.13 282
3'-CACACAGGCATTTATACACACAC-5 58.03

Ekson 29 5-TGAACACCATGAAAGTTGATTTG-3 57.13 350
3-AATTTCAGGGAGGTTGTGAGTG-5 57.92

Ekson 30 5-TCTACATCACCAAGATACAAGCTC-3 57.51 353
3-GGAACTTCACTCATAAAATGAGCC-5 60.36

Ekson 31 5-TATAGAATGAATGCAAATGTTGGAG-3 59.09 373
3-TCTCCTAAATTTCACCAGCTTCC-5 58.32

Ekson 32 5-GTGTCATGTGACAGAGGAACCTG-3 58.29 312
3-GTTTAAGTTAAGCCCTGTTCCAG-5 60.07

4. Arastirma grubu icinden SDNS fenotipi ve bobrek biyopsisi difuz
mezanjiyal skleroz histolojisi gdstermesine ek olarak Pierson sendromu
benzeri g6z anomalileri olan hastalarda, NPHS2/podocin ve WT1’e ek olarak
LAMB2’nin tim 32 eksonu DNA dizi analizi ile mutasyon analizine tabi
tutulmustur (LAMB2 mutasyonu, SDNS ve bdbrek biyopsisi difiz mezanijiyal
skleroz histolojisi gosteren ve gdéz anomalileri olan hastalarda goésterilmistir)
(Sekil 3.1) (6,7). LAMB2 dizi analizinde kullanilan primerler Tablo 3.5te

verilmistir.
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Tablo 3.5. LAMB2’nin ¢ogaltilmasinda kullanilan PZR primerleri.

Ekson Ayrisma derecesi Ampilikon
numarasi Primer (Tm °C) Uzunlugu (bg)
Ekson 1-2 5-AAAGACCCACAGGCAGAGTTG-3 60.88 517
3-GGGATTAGAATCAGTGCCTCAG-5 60.10
Ekson 3-4 5-CTACTGCATCGTCAGTCACCTG-3 59.92 430
3-CTCAAGGAGGCTGTGTTAAGGAG-5’ 59.99
Ekson 5-6 5-GAGCTATTTGAGGGCAGTCTTG-3’ 60.79 477
3-GGAAGCACCCAAAATAGTTACTG-5 60.33
Ekson 7-8 5-TGTATAGGAGGTCTTTCAAGGTG-3’ 61.25 534
3-GATACAGCCTGGGTTTTAGGG-5 61.46
Ekson 9 5-TCTTACCCTTGTGACCTGGTTC-3 59.82 304
3-CAATTTAGACAGCAGTCCAGCTC-5 59.04
Ekson 10-11 5-GACTGGCAGTGAGCTAGTTGAG-3 59.58 555
3-ACTGGCATAGATGTGACACCC-5 59.81
Ekson 12-13 5-TAAGACGTGTGGTTGGGATTTC-3’ 59.83 443
3-CAGTCATAGACGTGTCCACCC-5’ 60.44
Ekson 14-15 2-GTGATATCTAGCTTTGGCAGGAG-3' 61.10 486
3-AACAGATGAATGAGCTGTGGG-5 60.89
Ekson 16 5-CCCAGATGATTTGTACAGGGC-3 58.02 263
3-CTATCCCTCAAGTCCCACACC-5 60.07
Ekson 17-18 5-AGTGCTAAGGCAAGTGCTCTG-3 60.43 553
3-GAGAGAACAGTAATGGGAAGGAG-5’ 57.97
Ekson 19-20 5-CCACCTAGACTCCCACTACTCAC-3 59.86 618
3-CACGGTTAAGAGGAAGCTGTG-5 59.68
Ekson 21 5-AGGCTATACGGGTGAGTGGATG-3’ 61.09 350
3-CCAAGATGAGCACAGTAGTCAAG-5 59.10
Ekson 22-23 5-AGAGCTGTCACCGTGAGTATGAG-3’ 60.50 561
3-AAAGAGCAGAGCACAGAGTTAGG-5 60.10
Ekson 24 5-CCAGGGTAGATGGAGGACTTC-3 59.75 512
3-ACATCTGTCAGGTCTGCCTCG-5' 61.94
Ekson 25 5-GAAGGGCCTAAGAATACATGGTG-3’ 60.19 318
3-ATAGGCACCTAAATTGGGCAGAG-5 59.14
Ekson 26 5-AACTTCCTGGGTGAGTTGTTAGC-3 60.12 374
3-CCCAGTGCTAGGTCTGCTGTAG-5’ 60.30
5-GCAGGTGGGTGTAGATGTTCC-3’ 58.00
Ekson27 3 TGAACCAAGGGAGATACAGACAC-5 59.5 472
5-GTACATGTCCTGAGTCCATACCC-3’ 59.84
Ekson 28-29 5 GGTGAGCCAAAGGTTACACAG-5' 59.68 604
5-GACATCAGTGGGACAAGGTTATG-3’ 59.96
Ekson 30-31 o AAGGGCAGGTGTCAGTTTAGG-5 59.86 568
Ekson 32 5-GCTACAGGGTAAGAAATGGGG-3' 60.72 303
3-GTTCACACTGGTTTATTGGGG-5 58.32
3.2.2. Mutasyon Analizi
Genomik DNA Izolasyonu
Periferik kan oOrneklerinden DNA izolasyonu, Puregene DNA

purifikasyon kiti (Gentra, Minneapolis, MN) araciliiyla firmanin sagladigi

protokol takip edilerek yapilimistir.
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1. 3 ml tam kan ornegi 9 ml RBC liziz solusyonu ile 15 mllik
santrifij tubunde karnistirilip oda sicakhiginda 5 dk inkuibe edildi.

2. Beyaz kan hicrelerini ¢oktirmek icin o6rnekler 2000g’de 2 dk
santrifuj edildi.

3. Supernatan dokulup, pellet vortekslenerek c¢ozuldukten sonra
uzerine 3 ml hicre liziz solusyonu eklendi.

4. Karisim 2000 g’de 10 saniye vorteks ile karistiriip 37°C’de 48
saat inkUbe edildi.

5. Ornek buz Uzerine 3 dk slreyle konularak oda sicakhgina

getirildi.

Hucre ¢ozeltisine 1 ml protein ¢okeltme sollsyonu eklendi.

Karisim 20 sn vorteks ile karistirldi.

Karigim 2000 g'de 5 dk santrifuj edildi.

Supernatan 15ml’lik santriflj tipune transfer edildi ve Uzerine 3

© © N o

ml %100 isopropanol eklendi.

10. Karigim 50 defa alt-Ust edilerek DNA’'nin beyaz ¢okeltiler seklinde
gorulmesi saglandi.

11. 2000 g'de 3 dk santrifuj edilerek DNA ¢okturuldu ve %70 etanol
ile yikandiktan sonra kurutuldu.

12. DNA pellet’i ustine 250 pl distile su eklenerek ¢ozulmesi

saglandi ve kullanilincaya kadar -20°C’de saklandi.

Mutasyon Analizi

Polimeraz zincir reaksiyonu (PZR) “exon-flanking” primerler
araciligiyla saflagtirma basamagi gerektirmeyen bir protokol araciligiyla
yapilmistir. Saflastirma basamagi, hibridizasyon sirasinda reaksiyonda
kullaniimamig olarak kalan primerlerin veya primer-dimer’lerin reaksiyondan
uzaklastirlmasini amacglamakta ve dizi analizi okunmasini guglestiren arka
plan’in (background) 6énlenmesini saglamaktadir. Bu protokolde daha az
primer, daha fazla DNA 06rnegi ve daha fazla sayida PZR doéngusi
kullanilarak primer’lerin tamamen tlketiimesi ve dizileme sonucu olusan
background’'un énlenmesi basariimistir. Bu hem arastirma basamaklarindan

birini eksilterek calismanin daha seri yapilabilmesine imkan saglamis, hem
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de galismanin maliyetini dagurmustur.

Saflastirma Gerektirmeyen PZR Reaksiyon Ana Karigimi

H,O* 4 ul
2xQiagen Mastermiks 6 W
Genomik DNA (20-50 ng/ul) 2u
Primerromwarg (100 pM) 0.015
Primergreverse (100 uM) 0.015 pl
PZR Ana Karisim Toplam 12 ul

*NPHS1 ekson 7Tin ylksek GC nikleotit oranina sahip olmasi nedeniyle
¢ogaltiimasini  kolaylastirmak icin H,O yerine Q solution (Qiagen, Germany)
kullaniimigtir.

PZR Reaksiyon Kosullari
PZR reaksiyonu icin Applied Biosystem 9700 cihazi kullaniimigtir.

Sicaklik Zaman Dongu
94 °C 3 dak. 1X

94 °C 30 sn.

60 °C 45 sn. 32X
68 °C 60 sn.

68 °C 7 dak. 1X
4°C Bekle

PZR o6rnekleri TBE tampon ile hazirlanmis %Z2’lik agaroz jelde 5 pl
ornek yuklenerek analiz edilmistir

Geriye kalan 7pl PZR drinune 133 ul HO eklenerek Grin 20 kat
sulandinimistir (1 pmol/ul). Bu ¢ozelti ileri saflastirma basamaklarina ihtiyag
duymadan DNA dizi analizine gonderilmigtir.

DNA Dizi Analizi
DNA dizi analizi icin SEQUENCHER 3.8™ (Gene Codes, Ann Arbor,
MI) yazilimi kullanilmigtir. NPHS2 dizi analizinde ekson 1 ve 6 igin reverse

primerler, ekson 2, 3, 4, 5, 7, 8 icin forward primerler kullaniimistir. NPHS1,
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LAMB2, PLCElin tum eksonlarinin ve WT2in 8. ve 9. eksonlarinin
dizilenmesi icin forward primerler kullaniimistir. DNA dizi analizi sonuglari
gen bankasindaki kontrol diziler ile karsilastiriimistir (NPHS1: NM_004646,
NPHS2: NM_014625, WT1l: NM_024426, PLCE1l: NM_016341, LAMB2:
NM_002292).

i)

ii)

Bulunan varyantlar, oncelikle “Genome Reference Consortium
h36/hg18” veri bankasiyla (http://genome.ucsc.edu) karsilastirildi
ve bilinen SNP’ler olup olmadiklari teyit edildi.

Bulunan varyantlarin  yanlis anlamhi  (missense) veya
delesyon/insersiyon tipinde olmasi durumunda, bu varyantlarin
daha ylksek olasilikla mutasyon olabilecedi disunuldi ve evrimsel
korunum ve kontrol populasyon taramasinda bu varyantlara
oncelik verildi.

Varyantlarin  evrimsel korunumu UCSC genome browser
(http://genome.ucsc.edu) ile kontrol edildi ve evrimsel olarak siki
korunmus bdlgelerdeki nukleotit degisikliklerinin daha yUksek
olasilikla mutasyon olabilecegi dusunuldi. Varyantlarin mutasyon
olarak siniflandirilabilmesi icin, bolgenin nukleotit diziliminin en

az Danio rerio’ya kadar korunmus olmasi gerekliligi distnaldu.

iv) Varyantlarin sebep olacagl aminoasit degisiminin proteinin yapisi

ve fonksiyonu (zerine etkisi olup olmadigi “PolyPhen”
(http://genetics.bwh.harvard.edu/pph/) ve “PolyPhen2”
(http://genetics.bwh.harvard.edu/pph2/) degerleriyle tespit edildi.

Varyantlarin polimorfizm olma olasiliklari, arastirma grubunun yas
ve etnik Ozelliklerini temsil edecek sekilde secilmis 80 saglikli
kontrol bireyinin NPHS1, NPHS2, LAMB2, PLCE1 ve WT1 icgin
dizilenmesi ile olusturulan polimorfizm veri bankasiyla ve 1000
genom projesi verisiyle (www.1000genomes.org) karsilastiriimasi

ile dislandi.
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vi) Tum mutasyonlar tamamlayict DNA ipliginin dizilenmesiyle
dogrulandi.

vii) Ebeveynlerin kan drneklerinin temin edilebildigi hallerde, ebeveyn
orneklerinde DNA dizi analiziyle mutasyonlarin segregasyonu teyit
edildi.

3.2.3. Homozigotluk Haritalamasi ile incelenecek Ailelerin
Belirlenmesi

Homozigotluk haritalamasi teknigiyle yapilan yeni gen tanimlamalar
simdiye kadar daha ¢ok ebeveynler arasinda yakin akrabalik olan ailelerde
basariimistir. Ebeveynler arasinda yakin akrabalik olmasi durumunda
cocuklarda gdézlenen homozigot segmentlerin uzun olmasi, bdlgenin SNP
genetik belirleyici setleriyle belirlenmesini kolaylastirir.  Bu nedenle,
cocukluk cagi SDNS’ine neden oldugu bilinen genlerdeki mutasyonlar
agisindan DNA dizi analizi ile taranmis ve mutasyona rastlanmamis olan
1746 aile arasindan, ebeveynler arasinda akrabalik oldugu bilinen 85 aile

homozigotluk haritalamasi ile ileri analize gonderilmistir.

3.2.4. Homozigotluk Haritalamasi

Ebeveynler arasinda akrabalik oldugu bilinen 85 aile homozigotluk
haritalamasi teknigiyle, Affymetrix GeneChip Human Mapping 250K (Styl)
Array kullanilarak incelendi. Ornekler University of Michigan Core Facility’de
Ureticinin standart protokolu izlenerek islendi, hibridize edildi ve tarandi
(www.michiganmicroarray.com). Alel paylagimi analizi i¢in, yuksek orandaki
alel paylagimini iyi bir sekilde tahmin edebildigi gosterilmis olan parametrik
olmayan Z-degeri (Non-parametric likelihood ratio z-scores) (ZLR scores)
(63) GENEHUNTER (65) programinin modifiye bir versiyonu kullanilarak
hesaplandi. Homozigot segmentler ALLEGRO (66) programinda ZLR
degerleri kullanilarak tespit edildi. Parametreler, hastalik alel frekansi olarak
0.001 ve genetik belirleyici alel frekansi Affymetrix tarafindan belirlenen
sekilde kullanildi. ZLR degerleri hesaplanirken ebeveynlerin asil akrabalik
dereceleri ne olursa olsun, birinci dereceden kuzen oldugu varsayimi

kullanildi. Hastaliktan etkilenen tek hasta birey olmasi durumunda,
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parametrik olmayan ALLEGRO hesaplamalarinin yapilabilmesi igin gergekte
varolmayan bir kardes hesaplamaya katildi. ZLR degerleri genom boyunca
genetik uzakhga goére, kromozom pozisyonlari p kolundan g koluna (soldan
saga) uzanacak sekilde GNUPLOT yazihmi kullanilarak isaretlendi
(http://www.gnuplot.info/).

ALOHOMORA (67) programi araciligiyla, ZLR degerleri insan
genomik DNA dizisinde her 100,000 nukleotitte bir genetik belirleyici
kullanilarak minor alel frekanslari >0.2, >0.3 ve >0.4 olan 3 farkli kosulda
hesaplandi. Minor alel frekanslarinin >0.2, >0.3 veya >0.4 oldugu 3 kosuldan
ikisinde ZLR peak’inin 2.0 degerini gegmesi durumunda sabit ZLR peakK’i
(consistent ZLR peak) (cZLR) olarak isimlendirildi ve hastaliga neden oldugu
bilinen homozigot mutasyonun vyerinin bu cZLR peak’i ile gOsterildigi
dusundldu. Ayni strateji, resesif bobrek hastaligi yapan 13 farkli gende
(Nefronofitizis (NPHP) genleri: NPHP1-9; NPHP benzeri fenotip genleri:
AHI1, MKS3 ve SDNS genleri: NPHS1 ve NPHS2) homozigot mutasyonuna
sahip oldugu bilinen 72 birey’'in 250K SNP ¢ip ile homozigot haritalandidi bir
calismada kullaniimig ve cZLR peakK’lerinin 72 bireyin 67’sinde (%93)
hastaliJa neden olan gendeki homozigot mutasyonu tespit edilebildigi ve
haplotip inspeksiyonu sirasinda da ilgili bolgede devamlilik gosteren
homozigot segmentlerin bulundugu gdsterilmistir (11). Hastalida neden olan
gendeki homozigot mutasyonun cZLR peak'i ile tespit edilemedigi 5 bireyde
ise genin bulundugu homozigot haplotipin uzunlugunun mutasyon tespit
sinirinin altindaki bir kisalikta oldugu gozlenmigtir. Ancak bu c¢alismada
homozigotluk haritalamasi ile incelenmek Uzere secilen bireylerin ebeveynleri
arasinda akrabalik olmasi nedeniyle, bireylerdeki homozigot haplotipin 250K
SNP c¢ip’in tespit alt limiti olan 2.1 magabazdan ¢ok daha uzun olacagi, bu
nedenle teknigin yuksek bir duyarliikla homozigot bodlgeleri gosterecegi
disundimustir. Ayni calismada homozigotluk haritalamasinin  homozigot
mutasyonlari saptamadaki 6zgullugu (cZLR peak’lerinin homozigot olmayan
bireylerde de siklikla gorilup goérulmedigi) %65 olarak gOsterilmigtir.
Ozgllligiin %65 olmasinin; yanlis pozitif bir cZLR peak’lerinin sans eseri iki

farkh bireyde birden ayni bdlgeye lokalize olup yanlis bir aday bdlge isaret
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etme olasihiginin yaklagik 1:1000 (0.35X0.35=0.1225) olmasi nedeniyle gen

tanimlanmasi igin onemli bir risk teskil etmedigi dustunulmasgtar (11).

3.2.5. Eksom Saptama Teknigiyle incelenecek Ailelerin
Belirlenmesi

SDNS’e sebep oldugu bilinen genlerde mutasyon tasimadigi
goOsterilmis ve ebeveynler arasinda akrabalik oldugu bilinen 85 aile,
arastirmanin bir dnceki basamaginda homozigotluk haritalamasi ile incelendi.
85 ailenin tuminde hastaliga neden olan geni barindirabilecegi dusunulen
cZLR peak’leri gozlendi. Ailelerde en az 8 en fazla 66 tane cZLR peak’i
g6zlendi. Bu c¢alismada bir ailenin tim cZLR peakK'lerinin gosterdigi
homozigot segmentlerin toplam genetik uzunlugunun 16 ile 130 megabaz
arasinda oldugu gozlendi. 1 megabazlik bdélgede ortalama 6 gen ve 1 gende
ortalama 25 eksom oldugu dusunulurse; 16 megabazlik bolgede yaklagik 96
gen ve 2400 eksom; 130 megabazlik bolgede yaklasik 780 gen ve 19,500
eksom bulunacaktir. Bu aday genlerin sayica fazlaligi, veri bankalarinin
kullanimi ile gen ifade bilgileri, islevleri ve evrimsel korunumlari agisindan
arastirilarak azaltiimaya calisilsa bile, mutasyon analiziyle taranmasi uygun
bulunan ¢ok sayida aday genin varhigini korumasina neden olmaktadir. Bu
da bdlgedeki aday genlerin DNA dizi analiziyle taranmasini oldukga zahmetli
ve pahali kilmaktadir. Bu nedenle ¢calismada, aday gen yaklasimi yeni
genlerin tanimlanmasi igin uygulanabilir bir segenek olarak gérunmemistir.

Homozigotluk analizlerinde iki veya daha fazla cocugun ya da
kuzenlerin kullaniimasi, hastaliga sebep oldugu dusunulen geni igeren
homozigot bdlgenin daraltimasina yardimci olmakta ve hatali lokasyon
bulma sansini azaltmaktadir. Bu 85 aile arasindan hastaliktan etkilenen iki
veya daha fazla ¢ocugun ya da kuzenlerin oldugu 19 aile bulunmaktadir. Bu
nedenle aragtirmanin bir sonraki asamasinda eksom saptama teknigiyle
incelenecek aile birden fazla hastaliktan etkilenen kardesin oldugu bu 19 aile
arasindan secilmistir.

Bu 19 aile arasindan bir aile (A 2410) bazi 6zellikleri agisindan dikkat
cekmistir;

- Aile etnik koéken olarak Misirdan gelmektedir. Misir, akraba
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evliliginin sik olmasi nedeniyle resesif hastaliklarin sik goruldugu
bir bolgedir.

Ailede hastaliktan etkilenen iki kardes bulunmaktadir (A2410-21 ve
A2410-22).

Kardegler klinik tanilarini erken ¢ocukluk déneminde almiglardir
(A2410-21: 5 yaginda; A2410-22: 4 yasinda iken).

A2410-22’nin, hipospadias (Uretral agikligin penisin ventral yonine
acildigr konjenital bir defekt) operasyonu 6ncesinde yapilan rutin
idrar analizi sirasinda proteinuri'ye sahip oldugu bulunmusgtur. A
2410-22'nin idrar proteini 790 mg/gun, serum kreatinini: 0.4 mg/dI,
serum proteini: 6.5 g/L, serum albumini: 4.2 g/L olarak bulunurken
kreatinin klirensi ve C3 seviyesi 2,5 yas icin normal olarak
bulunmustur.

A2410-21, kardesinde proteinuri bulunmasi Uzerine test edilmigtir.
A2410-271’in idrarda proteini 380 mg/gln, serum kreatinini: 0.4
mg/dl, serum proteini: 6.8 g/L, serum albumini: 3.5 g/L bulunurken
kreatinin klirensi ve C3 seviyesi 5 yas i¢cin normal olarak
bulunmustur.

Her iki kardes de anjiyotensin donustlridcli enzim inhibitora
“angiotensin converting enzyme (ACE) inhibitors” ile tedavi edilmis
ancak idrardan protein kayiplarinda herhangi bir azalma
olmamistir. Kardesglerin her ikisinde de proteinuri miktari
dalgalanmakta, bazen nefrotik sinir olan gunde 2 g/gin’e kadar
yukselmekte ve harhangi bir tedavi uygulanmadan normale
donmektedir. Ancak kardeslerde 6dem olusumu gozlenmemis,
immunosupresif tedavi baglanmamis, renal biyopsi yapilmamistir.
A2410-22'nin ayni zamanda 5 ayliktan itibaren kompleks parsiyel
ndbet gecirdigi ve bu nedenle karbamazepin ile tedavi edildigi
bilinmektedir. Ancak son 1 yildir karbamezapin tedavisi altinda

nobet gegirmemistir.
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Yukarida belirtilen 6zellikleri dolayisiyla A2410 ailesi eksom saptama
teknigiyle incelenmek Uzere secilmistir. A2410-22 bireyinin kan o6rneginden
izole edilmis olan DNA miktarinin, A2410-21’e kiyasla daha yuksek olmasi
nedeniyle A2410-22 bireyinin eksom saptama ile analize godnderilmesi

planlanmigtir.

3.2.6. Eksom Saptama ve Yiiksek Olgekli Dizileme

NimbleGen 2.1M Human Exome Array, konsensus kodlanan DNA
dizisinden (consensus coding sequence) (CCDS) yaklagik 18,673 protein
kodlayan geni olusturan 180,000 eksonu ve 551 mikro-RNA’yi hedefleyen
oligonukleotitler igerir. A2410-22 bireyinin genomik DNA’st (10 pug)
NimbleGen 2.1M Human Exome Array (Roche/NimbleGen) ile protokole
uygun olarak hizmet alimi ile galigiimigtir.

Saptanan DNA Parcgaciklarinin Yiiksek Olgekli Dizileme igin
Hazirlanmasi
Yakalanan DNA parcaciklarina buylk olgekli paralel dizileme igin
gerekli gelisigizel (random) baslangi¢c pozisyonlari olusturmak, NimbleGen
baglanti (linker) dizilerini yok etmek ve pargaciklarin oOlgisunu Illumina
genom analizcisi (lllumina Genome Analyzer) igin uygun olan boyuta
indirgemek igin, yakalanmig ve PZR ile ¢ogaltiimig olan 500-700 baz cifti
uzunlugundaki DNA parcaciklari DNAse-1 (Roche) endonukleaz ve Bal31l
(New England Biolabs) eksonukleazlarla modifiye edilmistir. Modifikasyon su
sekilde yapilmistir:
- DNA (5 pg) 2 unite Bal31l eksonukleazla 30°C’'de 200 pl'lik
reaksiyonda kesildi.
- Reaksiyon son konsantrasyonu 20mM olacak sekilde EGTA
eklenerek durduruldu ve hemen takiben 65°C’de 10 dakika sureyle
Istyla inaktivasyonu yapildi.
- Qiaquick PCR column purification (Qiagen) ile saflagtirma yapildi.
- Elde edilen DNA (yaklasik 2 pg), 1 unite DNAse-1 (Roche) ve
reaksiyon ¢ozeltisi (2Xreaksiyon ¢ozeltisi 20 mMTris-Cl (ph 7.5), 2
mM CaCl, ve 20 mM MnCl,) ile 16°C’de 3 dakika inkube edilerek
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ileri kesime ugratildi.
- Reaksiyon 2ul EDTA (500 mM) eklenerek durduruldu ve hemen
takiben 65°C’de 10 dakika sureyle i1siyla inaktivasyonu yapildi.

Yiiksek Olgekli Dizileme

DNA parcaciklarindan DNA kutuphanesi olusturulmasi (library
construction), Genomic DNA sample prep kit, lllumina araciliiyla Uretici
firmanin protokolu izlenerek yapildi. Parcaciklar %1.5’lik agaroz jel Uzerinde
yurutuldd ve 150-200 baz cifti olacak sekilde parcalara ayrildi. Pargaciklar
saflastirildi ve komplementer baglayici 6zgul primerler kullanilarak PZR
cogaltilmasi yapildi. Her bir 6rnegin miktar ve uzunlugu Bioanalyzer 2100,
Agilent ile analiz edildi. Tek iplik DNA pargaciklari yuzen bir hicre yuzeyine
bir kime istasyonunda baglandi ve 46 dongu PCR kopru ¢ogaltilmasi yapildi.
Parcaciklar lllumina Genome Analyzer Il platformunda iki sira halinde
dizilendi. Goruntu analizi ve bazlarin ¢agirilmasi (base calling) Genome
Analyzer Pipeline 1.5 programinin belirli parametreleri kullanilarak yapildi.
Cagrilan her baz icin DNA dizi analizi bilgisi ve kalite degerleri lllumina’ya
spesifik FASTQ dosyasi indirilerek incelendi. Filtrelenmis yUksek kalitedeki
dizilerin insan referans genomu hg19’la karsilastirimasi ve varyantlarin

¢agrilmasi CLC genomics workbench, CLC-bio programi araciligiyla yapildi.

Homozigotluk Haritalamasi ile Eksom Saptama Verilerinin

Birlestirilmesi

Arastirmada c¢ocukluk ¢agi steroide direncli neftrotik sendroma neden
olan yeni bir genin homozigotluk haritalamasi teknigi ile eksom
saptamal/yuksek Olgekli dizileme tekniklerinin birlestirildigi bir yaklagim ile
bulunmasi planlanmigtir (61). Bunun igin homozigotluk haritalamasi ve
eksom saptamalyuksek oOlcekli dizileme teknikleriyle bulunan varyantlar
asagidaki sekilde filtrelenmis, daha sonra da iki teknigin birlestiriimesiyle
filtrelenen varyantin mutasyon olma 6zgullugunun artacagi dugunulmustar.

Homozigotluk haritalamasi ile ortaya c¢ikan ¢ok sayida homozigot
bdlgelerin sayisinin indirgenmesi igin ise hastaliktan etkilenen birden fazla

bireyin oldugu ailelerin oncelikle incelenmesi planlanmistir. Bir aile iginde
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hastaliktan etkilenen birden fazla bireyin olmasi durumunda hastaliga sebep
olan mutasyonun, hasta bireylerin hepsinin ortak olarak sahip oldugu
homozigot haplotip bloklarinda gémuali olmasi beklenir. Bu dustnceyle
hastaliktan  etkilenen birden fazla bireyin oldugu ailelerde,
kardeslerin/kuzenlerin  homozigotluk  haritalamasi  verilerinin  birlikte
hesaplanmasiyla, bireylerin homozigot haplotip bloklarinin gakistigi bolgeler
gOsterilerek hastaliga neden olan genin arandigi genomik bdlge
daraltilmigtir.

Eksom saptamalyuksek Olcekli dizileme tekniginin verdigi gok sayidaki
varyantin filtrelenmesi icin ise oOncelikte varyantlar arasindan SNP olarak
tanimlanmis olanlar ayrilmistir. SNP olarak tanimlanmamigs varyantlar
arasindan insersiyon/delesyon ve yanlis anlamli varyantlarin hastaliga neden
olan mutasyon olma olasiliginin yiksek oldugu dusunulmasgtur.

Arastirmanin son asamasinda, homozigotluk haritalamasi ile eksom
saptamal/ytksek Olcekli dizileme teknikleriyle ulasilan veriler, kendi iglerinde
bahsedilen sekilde filtrelemeyi takiben birlestiriimigtir. Hastaliga neden
oldugu dusunulen varyantin su kriterlerlere uymasi durumunda, hastaliga
neden olan mutasyon olma olasiliginin yuksek oldugu dusunulmustar.

 Eksom saptamal/ylksek olcekli dizileme teknigiyle referans DNA

dizisinden varyant olarak gosterilmig olmasi.
 Varyantin hastaliktan etkilenen birden fazla bireyin oldugu
ailelerde, kardeslerin/kuzenlerin  homozigotluk  haritalamasi
verilerinin birlikte hesaplanmasiyla, bireylerin homozigot haplotip
bloklarinin gakistigi bolgelerde yerlesmis olarak bulunmasi.

 Varyantin veri bankalariyla kargilastirildiginda SNP olarak
tanimlanmamis olmasi.

* Varyantin insersiyon/delesyon /yanlig anlamli olmasi.



34

4. BULGULAR

4.1. Mutasyon Analizi

[) Calisma ile arastirma grubunu olusturan 2056 ailenin 310’unun
(%15) hastalik etyolojisi ¢ocukluk ¢cagi SDNS’ine sebep olan ve otozomal
resesif kalitilan NPHS1, NPHS2, LAMB2 ve PLCEL1 bialelik veya dominant
kalitilan WT1 monoalelik mutasyonlarla ag¢iklanmistir. Bu veri ¢gocukluk
c¢agl SDNS’inin  %15-32’sinin bu 5 gendeki mutasyonlarla aciklandigini
belirten 6nceki calismalarla paralellik gostermektedir (10).

[I) Arastirma grubunun iginden SDNS ortaya c¢ikis yasi hayatin ilk 3
ayinda gerceklesen (congenital nephrotic syndrome) (CNS) 27 aile,
NPHS2/podocin ve WT1l’e ek olarak NPHS1 tim 29 eksonu igin DNA
dizileme teknigiyle mutasyon analizine tabi tutulmustur (SDNS
ortaya ¢ikisi hayatin ilk 3 ayinda gergeklesen hastalarda NPHS1
mutasyonlari %88 oraninda gorulmektedir) (10). 16 ailenin NPHS1 bi-alelik
mutasyonuna sahip oldugu gosterilmistir (%60). Bu oran CNS’in NPHS1
mutasyonlariyla %88 oraninda aciklandigini belirten onceki c¢alismalardan
daha duguk bulunmusgtur (42,45). Bu ailelerden 11'i homozigot, &’i birlesik
heterozigot mutasyona sahiptir. Bu ¢alismada NPHS1'de 3 yeni mutasyon
tanimlanmigtir. Yeni  mutasyonlar Tablo 4.1’de koyu Kkarakterlerle
gosterilmigtir. NPHS1'de tanimlanan bir yeni homozigot ve iki yeni
heterozigot mutasyon igin hasta birey ve saglikli kontrol bireyin DNA dizi
analizi Sekil 4.1’de gosterilmisti. NPHS1'de bulunan yeni yanlis anlamli
mutasyonlarin evrimsel olarak en az Danio Reiro’'ya kadar korundugu

gOsterilmigtir (Tablo 4.2).



Tablo 4.1. NPHS1'de yeni tanimlanan mutasyonlar.

Hasta NPHS1 mutasyonu

Numarasi (Ekson: niikleotit degisikligi; aminoasit degisikligi)

Homozigot mutasyonlar

A3236 11-1 IVS 7nt+1 G>T*

Birlesik Heterozigot Mutasyonlar

A3322 11-2 Ex22: ¢.2930 A>G; p.Y977C*
Ex27: c.3478 C>T; p.R1160X

A3322 11-3 Ex22: ¢.2930 A>G; p.Y977C
Ex27: ¢.3478 C>T; p.R1160X

A3322 114 Ex22: ¢.2930 A>G; p.Y977C
Ex27: ¢.3478 C>T; p.R1160X

A3322 11-5 Ex22: ¢.2930 A>G; p.Y977C

Ex27:¢.3478 C>T; p.R1160X
Tek Heterozigot Mutasyonlar
A3237 1I-1 EX6; c. 644 T>G; p. L215R*

* Bu galismada tanimlanan yeni mutasyonlar




A3236 1I-1; IVS 7+1 G>T Saglikli Kontrol Bireyi

Lys Leu Arg Lys Val

Arg

36

1 1 1
'L A6 GIJIAAGGT G A

T
v v

] 1 1 L I | LI |
H H G

A 3322;¢.2930 A>G;p.Y977C Saglikh Kontrol Bireyi

Arg Tyr/Cys Glu Arg Cys Glu
A GG TNTGAGIAG G TATG A G
v
AW
A3237 II-1:¢.644 T>GpL215R  g441,k11 Kontrol Bireyi
Leu Leu/Arg Val Leu Leu Val
T 16 C 16 6 TC|T 16 C TG G TC

AT T

Sekil 4.1. NPHS1’de yeni tanimlanan mutasyonlar igin hasta bireyin ve

saglikli kontrol bireyin DNA dizi analizi.

Tablo 4.2. NPHS1'de yeni tanimlanan yanlis anlamli mutasyonlarin evrimsel

korunumu.
NPHS1 yeni yanlis Evrimsel Korunum Poly1 | Poly2 | 1,000 genom
anlamli mutasyonlar hg18 |[Mm| Xt | Dr | Ci | Ce |Dm
Ekson 22: ¢.2930 A>G;
p.Y977C 41022158| Y | Y | Y |Yok| E | Y |2,565 (0,994 |Bulunmamaktadir
Ekson 6: c. 644 T>G;
p.L215R 41032360 L | L | L |Yok| L |Y/l|2,565]0,998 |Bulunmamaktadir

hg 18: NCBI36/hg18 (http://genome.ucsc.edu)

Yok: ortolog bulunmamaktadir; Mm: fare; Xt: X.tropicalis; Dr: Danio rerio; Ci: Ciona
intestinalis; Ce: Caenorhabditis elegans; Dm: Drosophila melanogaster; Poly1: PolyPhen1

degeri (http://genetics.bwh.harvard.edu/pph/); Poly2: PolyPhen 2 degeri

(http://genetics.bwh.harvard.edu/pph2); 1,000 genom: 1,000 genom projesi
(http://www.1000genomes.org); Polyphen 1 degeri: 0-1.4: hasar verici degil, 1.4-2: dusuk
ihtimalle hasar verici, >2: yiksek ihtimalle hasar verici; PolyPhen 2 dederi: 0-0.7: hasar verici
degil, 0.7-0.9: dUsUk ihtimalle hasar verici, 0.9-1.0: yuksek ihtimalle hasar verici.
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[II) Arastirma grubunun tima, 2056 aile, cocukluk ¢agi SDNS’inden en
yuksek oranda sorumlu olan NPHS2/podosin (%10-28) mutasyonlari
agisindan genin tim 8 eksonunun DNA dizilemesi ile taranmigtir. 237 ailenin
NPHS2 bi-alelik mutasyonuna sahip oldugu gosterilmistir (%11.5). Bu
oran ¢ocukluk  ¢agi SDNS’inin %10-28'inin  NPHS2 mutasyonlariyla
acgiklandigini belirten onceki calismalarla paralellik gostermektedir (10). Bu
ailelerin 165’i homozigot, 72’si birlesik heterozigot mutasyona sahiptir.

IV) Arastirma grubunun tumu, 2056 aile, gocukluk ¢adi SDNS’inden
ikinci en yluksek oranda sorumlu olan ve diger ¢ocukluk ¢agi SDNS'’ine
neden olan tek gen sebeplerin aksine dominant kalitilan WT1 mutasyonlari
agisindan genin 8 ve 9Quncu eksonlarinin DNA dizilemesi ile taranmistir
(WT1 geninin sadece 8 ve 9’uncu eksonundaki mutasyonlarin SDNS’e sebep
oldugu gosterilmigstir) (9). 46 ailenin WT1 tek alelinde mutasyonuna sahip
oldugu gosterilmistir (%2.2). Bu oran ¢ocukluk ¢adi SDNS’inin %5’inin WT1
mutasyonlariyla aciklandigini belirten 6nceki calismalardan daha dusuk
bulunmustur (10).

V) Arastirma grubunun icinden SDNS fenotipi ve bobrek biyopsisi
difiz mezanjiyal skleroz histolojisi gdsteren 15 aile NPHS2/podocin ve WT1'e
ek olarak PLCEL’in tim 31 eksonu icin DNA dizileme teknigiyle mutasyon
analizine tabi tutulmustur (PLCE1 mutasyonu, SDNS ve bdbrek biyopsisi
difiz mezanjiyal skleroz histolojisi gosteren hastalarda goésterilmistir) (8). 7
ailenin PLCEL1 bi-alelik mutasyonuna sahip oldugu gdsterilmigtir (%0.3). Bu
oran ¢ocukluk c¢agr SDNS’inin  <%7’inin  PLCE1l’deki mutasyonlarla
acgiklandigini belirten dnceki ¢alismalarla paralellik gdstermektedir (10). Bu
ailelerin 7’si de homozigot mutasyona sahiptir.

VI) Arastirma grubunun igcinden SDNS fenotipi ve bobrek biyopsisi
difuz mezanjiyal skleroz histolojisi gostermesine ek olarak Pierson sendromu
benzeri goz anomalileri olan 9 aile, NPHS2/podocin ve WT1’e ek olarak
LAMB2’nin tum 32 eksonu i¢in DNA dizileme teknigiyle mutasyon analizine
tabi tutulmustur (LAMB2 mutasyonu SDNS ve bobrek biyopsisi difliz
mezanjiyal skleroz histolojisi gosteren ve goz anomalileri olan hastalarda

gosterilmigtir) (6,7). 4 ailenin LAMB2 bi-alelik mutasyonuna sahip oldugu
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gosterilmigtir (%0.2). Bu oran ¢ocukluk c¢agi SDNS’inin <%1’inin LAMB2
mutasyonlariyla acgiklandigini  belirten 6nceki c¢alismalarla paralellik
gostermektedir (10). Bu bireylerin 2’si homozigot, diger 2’si birlesik

heterozigot mutasyona sahiptir.

4.2. Homozigotluk Haritalamasi

I) SDNS’e sebep olan yeni genlerin tanimlanmasi igin, SDNS’e sebep
oldugu bilinen genlerdeki mutasyonlar agisindan DNA dizi analizi ile taranmig
ve mutasyon tasimadigi goérilmus 1746 aile arasindan, ebeveynler arasinda
akrabalilk oldugu bilinen 85 aile homozigotluk haritalamasi teknigiyle
Affymetrix 250K (Styl) SNP ¢ip ile taranmistir. 85 ailenin timinde hastaliga
neden olan geni barindirabilecedi dusunulen cZLR peak’leri gozlenmistir.
Ailelerde en az 8 en fazla 66 tane cZLR peak’i gdzlenmigtir. Bu veri, resesif
tek gen mutasyonu nedeniyle bébrek hastaligina sahip olan ve ebeveynlerin
akraba oldugu bilinen ailelerden gelen bireylerin homozigotluk haritalamasi
sonucu minimum 8 maksimum 60 cZLR peak’i bulundugunun gosterildigi
daha 6nceki bir galismayla uyumluluk gostermektedir (11).

II) Simdiye kadar homozigotluk haritalamasi teknigiyle yeni gen
tanimlamalari daha c¢ok ebeveynler arasinda akrabalik olan ailelerde
basariimistir. Ebeveynlerin yakin akraba olmasi durumunda hastaliktan
etkilenen c¢ocuklarda olusan uzun homozigot segmentler bodlgenin SNP
genetik belirleyici setleriyle belirlenmesini kolaylastirir. Ancak bu durumda
hasta bireyde homozigot segmentlerin ¢ok sayida ve uzun segmentler
halinde olmasi, ¢ok sayida pozisyonel aday gen ortaya ¢ikmasina neden
olmakta ve mutasyon analizi ile verimli gen tanimlanmasini guglestirmektedir.

[Il) Bu galigmada ailelerin tim cZLR peak’lerinin gdsterdigi homozigot
segmentlerin toplam genetik uzunlugunun 16 ile 130 megabaz arasinda
oldugu gozlenmistir. 1 megabazlik bodlgede ortalama 6 gen ve 1 gende
ortalama 25 ekson oldugu dusunullirse; 16 megabazlik bdlgede yaklasik 96
gen ve 2400 ekson; 130 megabazlik bélgede yaklasik 780 gen ve 19,500
ekson bulunacaktir. Bu aday genlerin sayisi veri bankarinin kullanimi ile gen
ifade bilgileri, islevleri ve evrimsel korunumlari agisindan arastirilarak

azaltilmaya caligilsa bile, mutasyon analiziyle taranmasi uygun bulunan gok
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sayida aday genin varligini korumasi, bolgedeki aday genlerin DNA dizi
analiziyle taranmasini olduk¢ca zahmetli ve pahal kilmaktadir ve bu
nedenle yeni genlerin tanimlanmasi igin uygulanabilir bir segenek olarak
gbérunmemektedir. Bu acidan pozisyona bagli klonlama tekniginin, tamaminin
analizine imkan vermeyecek olgude fazla sayida aday gen vermesi nedeniyle
resesif hastaliklarda yeni gen tanimlamasi amaciyla yapiimis Onceki

calismalarda karsilagilan zorluk, bu ¢alismada da gézlenmisgtir.

4.3. Eksom Saptama ve Yiiksek Olgekli Dizileme

[) A2410-22 bireyinin genomik DNA’sinin NimbleGen 2.1M Human
Exome Array, Roche/NimbleGen ile saptanmasi ile hedeflenen eksonlarda
yaklagik 200 kat cogalma saglanmistir.

II) Saptanmis ve dizenlenmis DNA pargaciklarinin lllumina Genome
Analyzer Il platformunda iki sira (lane) halinde dizilenmesi sonucunda 78
bazgifti uzunlugunda 29.5 milyon tek u¢lu okuma vermigtir.

[Il) Filtrelenmis yuksek kalitedeki okumalarin 20.1 milyonu (%68)
hedeflenen eksonlarla eslesmistir. Ortalama kapsanma (coverage):14 kat;
ortanca kapsanma: 11 kat olarak bulunmustur. Hedeflenen tim 180,000
eksonun yalnizca %2.2’si kapsanmamistir. Bunu takiben CLC genomics
workbench vyazilimi tek nudkleotit varyantlarin veya kisa insersiyon/
delesyonlarin ¢agrilmasi igin kullaniimigtir. Homozigot varyantlari tespit
etmek Uzere tUm varyantlar arasindan sadece alel frekansi %80’den fazla
olanlar c¢agrilmigtir. Bu sekilde varyantlardan sadece homozigot olanlar
cagrildiginda, referans DNA dizisinden farkh 1968 varyant bulunmustur. Bu

varyant DNA dizilerinin en az 5 kez kapsandigi gorulmustar.

4.4. Homozigotluk Haritalamasi ile Eksom Saptama ve Yiiksek Olgekli
Dizileme Verilerinin Birlestirilmesi
[) A2410-21 ve A2410-22 kardesleri i¢cin parametrik olmayan LOD
degerleri, iki kardes birlikte olarak hesaplanmistir. Bu durumda kromozom 3,
10 (iki farkh bdlge), 14, 17, 21 ve 22'de ortak atadan kalitilarak
homozigotlugu (homozygosity by descent) isaret eden 7 adet cZLR peakKii
bulunmusgtur (Sekil 4.2). Bu bolgelerin toplam genetik uzunlugu 132
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megabazdir. ALOHOMORA dosyasinin vardigi cZLR peak degerleri ile

homozigotluk haritalarinin karsilastirilmasi Tablo 4.3'te gosterilmistir. Tablo

4.3'te goruldugu uzere cZLR peak degerleri ile homozigotluk haritasinda

g6zlemlenen bolgelerin genetik sinirlari birbirine ¢ok yakindir. Kromozom

10’daki homozigot segment bilinen bir SDNS geni olan PLCE1’in genomik

lokasyonuyla ¢akistigi icin, A2410-22 bireyinde PLCE1 geninin tim ekson ve

ekson-intron sinirlari DNA dizi analiziyle incelenmis ve PLCE1'de mutasyon

olmadigdi gosterilmigtir.
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Sekil 4.2. A2410-21 ve A2410-22 bireylerinin birlikte hesaplanan parametrik
olmayan LOD degerlerinin igaret ettigi homozigot bolgeler.

Tablo 4.3. A2410-21 ve A2410-22 bireylerinin birlikte hesaplanmasi ile
bulunan cZLR peak degerleri ile homozigotluk haritalarinin

kargilagtiriimasi.

cZLR tepecidi yerlesimi
Kromozom
3/ SNP_A-2245942,SNP_A-2138025
10 SNP_A-1878776;SNP_A-1847037
10 SNP_A-2226858;SNP_A-2184858
14 SNP_A-2230087;SNP_A-1928442
17 |SNP_A-1848230;SNP_A-2287159
21 SNP_A-4270134,SNP_A-2015929
22 SNP_A-1910898;SNP_A-2305001

ha18

chr3:148,711,176-172,553,190
chr10:12,617,549-51,676,508
chr10:88,468,509-93,291,658
chr14-70,656,151-99,567,660
chr17-29,037,118-53,370,922
chr21:13,705,906-19,319,704
Chr22:34,450,547-44,061,458

Homozigot Haritalama

SNP_A-1791351;SNP_A-1975292
SNP_A-1929058,SNP_A-1829234
SNP_A-2209474;SNP_A-2184858
SNP_A-2174145,SNP_A-1934838
SNP_A-2151776,SNP_A-1864466
SNP_A-2015094,SNP_A-4270208
SNP_A-2236421,SNP_A-4279733

ha18

chr3:148,849,491-172,210,602
chr10:13,136,847-51,753,316
chr10:88,396,785-93,291,658
chr14:72,197 643-95 649,438
chr17:29,201,322-53,203,215
chr21:9,941,639-18,850,259
Chr22:35,031,996-43 683,022
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) A2410-22'nin eksom saptama teknigiyle incelenmesi sonucu
referans dizilerinden farkli, en az az 5 kez kapsanan ve yalnizca homozigot
olan 1968 varyant bulunmustur. Bunlar arasindan 48 tanesi veri bankalarinda
SNP olarak tanimlanmamistir.

Eksom saptama teknigiyle ortaya c¢ikarilan varyantlar arasindan
homozigotluk haritalamasi ile homozigot oldugu gosteriimis bolgelere
filtrelenen varyantlar Tablo 4.4'te gosterilmigtir. Bunlar arasindan 11
tanesinin sinonim olmadigi gézlenmigtir. Sinonim olmayan varyantlar Tablo
4.4’te sari renkle isaretlenmistir. Bu varyantlardan sadece 1 tanesi (CUBN)
insersiyon/delesyon varyasyondur. CUBN varyanti Tablo 4.4'te kirmizi
renkle isaretlenmistir.

Sekil 4.3'te CLC yazihmi CUBN 53’Uncu eksondaki bir baz cifti
uzunlugundaki homozigot delesyonu (c.8355 delA) gostermektedir. Sekilin
yukarisindaki DNA dizisi kromozom 10'un pozitif ipligini gostermektedir,
ancak CUBN negatif iplikte kodlandigi i¢in, CUBN bir baz ¢ifti uzunlugundaki
adenin (A) delesyonu, timin (T) delesyonu seklinde gdzukmektedir. Bu
sayede CUBN (cubilin) geni 53’Uncu eksondaki bir bazgifti homozigot
delesyonun (c.8355delA) cerceve kaymasina neden olarak kodlanan
proteinin erken sonlanmasindan (p.S2785fsX19) sorumlu oldugu

bulunmustur.
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Tablo 4.4. A2410-22'nin eksom saptama teknigiyle incelenmesi ile elde

edilen varyantlar

arasindan homozigotluk haritalamasi ile

homozigot oldugu gdsterilmis bolgelere filtrelenen varyantlar.

Homozigotluk Frekans Krom. Pozis. Gen

Baslangic
12344
12346
12350
12399
12467
12492
12493
12497
12499
12500
12532
12533
12534
12535
12536
12537
12538
12540

San

Baslangic
27640
27668

27696
27703
27719
21722
27725
27730
27734
21737
27740
2T
27745
27756
27798
27805
27806
27840
27855
2112
27919
27948
27949
27950
27951
27952
27953
27962
27963
27973
27975
27981
27984
27991
27992
27993
27994
28005
28007
28008
28009
28010

100
100
100
100
91,67
92,31
100
100
83,33
83,33
100
83,33
83.33
83,33
83,33
83,33
83,33
83.33
100
100
100
100
100

85,71
100
100
100
100

90
100
100
100
100
100

90,91
100
100
100
100
100
100
100

87.5
100
100
100

86,89
100

81,62

85,71

42,22

82
100
90
83,33
87.5
83,33
83,33
90
92,86
85,71
87.5
100

147367051 rs4387937
148760346 HLTF
148857690 HPS3
148868279 HPS3
151165342 IGSF10
157154660 PTX3
160102487 IFT80
160149791 SMC4
164906320 SLITRK3
166409002 LOC10028
166409164 LOC10023
170523982
170523994
170523999
170524000
170524008
170524009
170524011
170524052
170727658 rs1051368
13097091 rs1125815
13647614 PRPF18
14941186 SUV39H2

16949924 CUBN
17157779 CUBN
17735210 STAM
17756964 STAM
17840645 FAM23A
17887618 MRC1L1
17905716 MRC1L1
17949976 MRC1L1
18098134
18134547 MRC1
18169745 MRC1
18331540 SLC39A12
25886727 GPR146
26923693
26964853
28223714 ARMC4
29751520 SVIL
33779957
35464881 CREM
38774468
38774477
38774481
38774483
3B7v4487
38774489
38775949
38775954
38778085
38778145
38779190
38779278
38780703
38780705
38780709
38780713
38791730
38791780
38791784
38791789
3879171

Kr. Ref Kapsama Skor A{%) C(%) G(%) T(%) Ins(%) Del(%) Genotip Mut. Aa Degisimi SMNP Yerlegim
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92.9

87.5
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9,09
100
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100

143
82,2
15,6
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87.5
83,3
417
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0
92
0
100
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83
83
0
17
83
0
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100
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0

100
0TT
0TT
0 AA
0TT
5,13 GG
0TT
0TT
0TT
0TT
0 AA
0GG
0TT
0GG
0cc
0TT
0GG
0 AA
0TT
100
100
0insC
0 AA

0TT
0 AA
0cc
0GG
100 delGT
0 AA
0TT
0 AA
0cc
0 AA
0GG
0cc
0GG
0GG
0 insA
0 AA
0 AA
0TT
0 insATT
12,5 GG
0cc
0 AA
0GG
0TT
0GG
0TT
0TT
3.33 GG
0 AA
0GG
0 AA
0insT
0GG
0 GG
§3.33 delA
0 AA
0 AA
0cc
0 AA
0 AA

SNP_A-1791351
C=T
C=T
G=A
C=T 809P=P
A=G
C=T
C=T
A>T TE7S=T
C=T
G=A
T=G
AT
A=G

C=T

A=G

G=A

C=T
SNP_A-1975292
SNP_A-1929058

insC

G=A

A=T
G=A
T=C
C=G
delGT
G=A
G=T
G=A
A=C
G=A
A=G
G=C
A=GT724Q>Q
A=G
insAl
G=A
C=A
G=T
insATT
A=G
T=C
T=A
C=G
A=T
C=G
G=T
C>T
C=G
G=A
C=G
C=A
insT
A=G
T=G
delA
C=A
G=A
G=C
G=A
G=A
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28011
28012
28013
28015
28016
28017
28024
28026
28027
28031
28032
28033
28035
28051
28052
28083
28084
28085
28086
28087
28088
28091
28082
28093
28094
28095
28096
28097
28102
28103
28106
28110
28115
28117
28118
28119
28120
28121
28122
28123
28124
28125
28126
28127
28137
28138
28139
28140
28141
28142
28143
28144
28145
28146
28147
28148
28151
28153
28154
28155
28157
28160
28161
28163
28178
28179
28203
28204
28222
28223
28224
28226
28227
28234
28236
28249
28250
28251
28252

100
100
100
100
85,71
85,71
83,33
100
100
83.33
100
83,33
83,33
83,33
85,71
100
100
100
88,89
87.5
100
83.33
83.33
83,33
83,33
83,33
100
100
89,74
86,67
100
83,33
100
83.33
48,89
81,82
100
100
100
81,82
90,91
90
87.5
87.5
100
100
95,24
95
100
100
93.33
100
100
100
90
100
100
100
100
100
83,33
81,25
94.5
86,51
88,89
92,31
100
100
83,33
100
85,71
100
48,89
83.33
8571
100
100
100
87.5

38791794
38791795
38791796
38794960
38794966
368794967
38794991
38795042
38795044
38798346
38798352
38804333
38804428
38813185
36813228
38869566
38869567
38869578
36869579
36869562
38869596
38869929
38869934
38869935
38869936
38869941
38869979
38869984
38872183
38872187
38872217
38873841
38874520
38877629
38880452
36880460
38880465
38850466
38850467
38880511
38880513
38880518
38880524
38880525
38881541
36881542
36881852
36881554
36881568
38881576
388814877
38881601
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38881751
38881752
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38881806
38881927
38881936
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38887047
38887053
39078898
39078900
39081642
39083218
39083219
39083224
39083227
39083892
39083896
39099389
39099395
39099410
39099411

Kr. |Ref Kapsama Skor A(%) C(%) G(%) T(%) Ins(%) Del(%) Genotip Mut|Aa Degisimi SNP Yeregim
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0,92|TT
07T
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0GG
0insA
83,33 delA
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0 cc
07T
0 cc
0 cc
0)insG
0 cc
0 cc
0 cc
0 AA
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T=6
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delC
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28254
28269
28277
28278
28279
28280
28281
28286
28287
28292
28293
28304
28305
28329
28333
28335
28342
28343
28345
28346
28349
28354
28355
28356
28360
28361
28362
28369
28370
28372
28373
28378
28388
28389
28380
28395
28396
28398
28399
28400
28410
28412
28413
28420
28429
28435
28436
28445
28446
28451
28459
28461
28462
28465
28469
28475
28476
28482
28497
28499
28501
28503
28505
28506
28509
28511
28512
28513
28515
28516
28519
28520
28529
28530
28531
28549
28550
28552
28553

87.5
96,15
100
100
100
83,33
83,33
89,47
94.74
100
100
8571
8571
93,55
86,05
100
100
100
100
94,59
93.18
92.78
95.79
85,71
100
100
100
100
100
100
100
100
87.5
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100
100
100
100
100
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100
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83,33
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100
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93.88
100
100
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100
100
100
100
100
100
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93,75
100
93,75
81,25
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100
85,71
83.33
83,33
80,81
89,66
83,67
80,72

39099451
39101955
39103204
39103208
39103213
39103219
39103221
39107350
39107351
39107413
3910791
39111255
39111256
39112809
39112829
39112838
39119046
39119048
39121392
39121398
IM21412
39121478
39121480
39121481
391215857
39121573
39121582
39122534
39122573
3922577
39122585
39125543
39125645
39125646
39125838
39125900
39125901
39128084
39128085
39128088
39130196
39130202
39130203
39136738
39137285
39138129
39138130
39139456
39139457
39139548
39144169
39144181
39144184
39144242
39144254
39146046
39146049
39146119
39148478
39148484
39150316
39150368
39150378
39150382
39150402
39150578
39150562
39150584
39150590
39150599
39150611
39150613
39152021
39152480
39152481
42356793
42356860
42356931
42356950

Kr. |Ref Kapsama Skor A(%) C(%) G(%) T(%) Ins(%) Del(%) Genotip Mut|Aa Degisimi SNP Yeregim
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10T
10 G
10 G
10T
100A
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10 G
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100A
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106
10T
10 G
10 G
10T
100A
10T
10cC
100 A
100 A
10C
10T
10T
106
10T
10 G
10 G
100A
100A
100A
10T
100A
100 A
10T
10C
10T
10C
10/C
10T
10T
10/C
106
10 A
10 C
10T
10 G
10 A
10T
10 G
10T
10T
100A
106G
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10T
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100A
10/C
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10T
100 A
10T
10 G
10 A
10 G
10 A
10 G
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87.5
0

0
100
0

0

0
10.5
2,63
100

85.7
323
6,98

100
100

2,27
92.8
95.8
11
100
100

100
100

87.5

o oo ooooo

12,5
16.7
0.85
1,65

100
85,7

2,56

4,08
100

84,8
1,89

16,7
100
100

oo oo oo

93.8
6.25
90

14.3

17,2
89.7
143
108

12,5
0
0

oo oo oo

0.85
7.44

14.3

44,6
213

0
3,85
0
0
0
0
§3.3
§9.5

85,7
143
1,61

6.19
21

100
100

100

o oo ooo

100
100

83.3
94.1
88.4

2,56
93.6
2,04

86.8
1.8
83.3

100
100

0
96
100

100

100
100

88

25

100
10
21
94

100
22
57

o oo oo

100

1.2

0

o oo oo ooooooooooooooooooooooo o oo

8.33
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0.85
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0 AA
07T
01T
0 AA
01T
occ
0GG
0GG
07T
0/AA
0cc
0/ GG
0 AA
1.61/CC
2,33 CC
01T
0 AA
0 AA
0GG
541 CC
4.85/TT
0/AA
2,11 AA
1,1[CC
0 AA
0 AA
0/GG
01T
0 AA
0 AA
0GG
0GG
0/AA
0cc
0GG
07T
0cc
07T
0cc
01T
01T
0/GG
0/GG
01T
0GG
1,69 GG
248 GG
0/AA
0/AA
07T
0cc
2.13/GG
07T
0/AA
07T
4,35 AA
1.89 GG
0cc
0/ GG
0 AA
0 AA
0/GG
0/GG
01T
07T
93,75 delG
6.25 CC
occ
0/insT
0GG
0/AA
0GG
0GG
0GG
0cc
0cc
345 AA
07T
1,2|CC

T=A
G=T
AT
T=A
AT
T=C
C=G
A=G
A>T
C=A
G=C
T=6
G=A
G=C
T=C
AT
G=A
G=A
A=G
G=C
AT
G=A
G=A
T=C
G=A
G=A
T=G
AT
T=A
C=A
A=G
A=G
C=A
T=C
T=G
G>T
T=C
G=T
G=C
AT
AT
A=G
T=G
AT
A=G
T=G
C=G
T=A
C=A
C=T
T>C
T=G
C=T
G=A
AT
C=A
T=6
G=C
A=G
T=A
G=A
T=G
T=G
AT
G=T
delG
T=C
G=C
insT
C=G
G=A
T=G
A=G
T=G
G=C
A=C
G=A
AT
G=C
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28554
28559
28561
28566
28567
28569
28576
28577
28579
28591
28599
28610
28614
28615
28616
28625
28626
28627
28628
28629
28630
28633
28634
28654
28655
28656
28666
28668
28669
28670
28671
28672
28673
28689
28680
28694
28702
28721
28727
28729
28741
28752
28757
28760
28761
28766
28767
28773
28777
28787
28788
28793
28795
28800
28807
28809
28812
28816
28818
28819
28826
28827
28833
28841
28847
28850
28851
28854
28855
28858
28863
28865
28866
28867
28869
28878
28884
28890
28892

88,24
86,36
88,46
87.5
87.5
83,33
100
100
87.5
92.86
94.74
91,67
87.5
87.5
100
843
98,35
86,78
86.4
87.2
88.28
87.14
§1.33
100
100
83,33
100
83,33
87.5
90
85,71
87.5
87.5
48,89
§2.61
93.75
93,85
100
83,33
92,93
100
85,71
8542
81,97
85,71
86,67
100
81,82
80,36
48,89
100
100
84
100
92,86
93,33
8571
96,43
87,69
100
83,33
100
85,71
90
88,89
88,89
92,31
86,67
85,27
§1.89
81,82
100
85,71
85,71
100
100
100
87.5
100

42356951
42357275
42357290
42357432
42357436
42357662
42357952
42357953
42357973
42358832
42359276
42359636
42359808
42359809
42359812
42360095
42360101
42360103
42360109
42360111
42360113
42360551
42360556
42361300
42361304
42361430
42361832
42362010
42362012
42362020
42362099
42362156
42362163
42362676
42362681
42362693
42363367
42364356
42364600
42364681
42364971
42365117
42365136
42365154
42365227
42365435
42365473
42365921
42365941
42366454
42366464
42366653
42366843
42367053
42367676
42367777
42367911
42368110
42368119
42368182
42368433
42368442
42369175
42369495
42369579
42369585
42369590
42369601
42369655
42369661
42369809
42369879
42370088
42370093
42370107
42370745
42371831
42372702
42372763

Kr. |Ref Kapsama Skor A(%) C(%) G(%) T(%) Ins(%) Del(%) Genotip Mut|Aa Degisimi SNP Yeregim
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10 A
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10C
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10 G
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10T
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10T
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100 A
10T
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10T
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0882 118
864 455 0
88,5 1,92 7,69

0 0 12,5

0 0 12,5

01833 0

0/ 100 0
100 0 0
67.6 417 417
7.14 9289 0
2,63 947 263

0417 0

0 0 0

0 0 0

0 0 0
84,3 248 9,92

010,83 0
0,83 86,8 12.4

0.8 88 0
16/ 7.2 0
625 883 078
571871 429

0147 813

0/ 100 0

0 0 0
833 833 833

0 0 0

0/ 16,7 0

0/ 87,5 125

0 10 0

07143 0
12,5/ 87.5 0
87.5 0 0

0889 0

01826 0
312 0 938
4,62 0 0
100 0 0
83.3 0 0

015,05 2,02

0 0 0

0 0714
2,08/125 0

0 18 0

07143 0
86.7| 6.67 6.67

0/ 100 0
2,27/13,6/ 2.27
604125 0,89

0889 0

0 0 100

0/ 100 0

16 84 0

0/ 100 0

0929 0

0933 6,67
143 857 0
1,79 01,79
1,54/ 6,15 0
100 0 0

01833 0
100 0 0
14,3 85,7 0

10 90 0

0 0/ 1.1
11.1/88.9 0

01923 0
222222 86,7
13.2/ 853 0,78
3.94 394 819

07182 0

0 0 0
14.3 0 857

01143 0
100 0 0

0 0 0

0/ 100 0
125 875 0
100 0 0

1
91
1
88
88
17
0
0
4.2
0

0
92
83
83
100
33
98
0
86
87
0.8
29

100
86
85
8z
86

62
1.8
Lyl

oo ococoo

0.8
8.7

62
100

86

100

0
0
0
0
0
0
0
0
0
0
0

75

0 cc
0 AA
0,96 AA
07T
07T
0cc
0cc
0/AA
0/AA
0 cc
0 cc
4,17 insC
125TT
125TT
0linsA
0 AA
0.83/TT
occ
47T
47T
3.91cC
0 cc
0GG
0 cc
0TT
0 cc
0TT
07T
0cc
07T
07T
0cc
0/AA
11,11 CC
0 cc
0GG
154 TT
0/insC
0 AA
07T
0linsA
71417
07T
07T
07T
0/AA
0/insG
07T
4.46 AA
0 cc
0GG
0 cc
0 cc
0 cc
7.14/CC
0 cc
0 cc
0TT
4,62 TT
0 AA
0cc
0 AA
0cc
0cc
07T
0cc
0cc
0GG
0insA
1.57|GG
07T
07T
0GG
07T
0 AA
0TT
0 cc
0 cc
0 AA

T=C
T=A
G=A
G=T
G=T
T=C
T=C
T=A
G=A
T>C
A>C
insC
C»T
AT
insA
G=A
C=T
G=C
C=T
C=T
G=C
A>C
C=G
A=C
G=T
A=C
AT
C=T
G=C
A=T
C=T
A=C
T=A
A>C
T>C
A=G
AT
insC
T=A
G=T
insA
G=T
C=T
C=T
C=T
G=A
insG
C=T
C=A
T=C
C=G
T>C
A>C
G>C
G=C
A=C
T=C
AT
C»T
T=A
T=C
T=A
A=C
T=C
G=T
A=C
T=C
T=G
insA
T=G
C=T
G=T|
A=G
C=T
CxA
AT
T=C
A=C
T=A
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28896
28899
28900
28901
28902
28904
28913
28915
28917
28920
28931
28935
28936
28937
28939
28940
28960
28982
28983
28988
28994
28996
28999
29001
29002
29003
25004
29005
29007
29009
29030
29034
29036
29054
29055
29067
29068
29069
29104
293197
29198
29202
29251
29253
29256
29306
29307
29310
29336
29352
29355
29368
29380
29392
29396
29397
29400
29415
29416
29419
29476
29478
29497
29502
29503
29509
29512
29513
29514
29515
29518
29521
29550
29551
29552
29553
29554
29558
29561

81,25
100
100

84,62

87.5

90,48

80,95

80,56

81,82

48,89

89,77

86,46
100

91,67
100
100
100

84,12

80,22
100

85,71
100
100

90

88,24

88,57

90,24

88,24

89

91,18

100
80.6
90

85,71

85,71
100

8571

8571

87,31

80,65

84,03

81,34

89,66

88,46

88,89
100
100
100

81,25

90
100
100

85,71

100
87.5

8571

100
87.5
91.3

83,33
100
100

90,91

87.5
100
100
100
100
100
100

48,89
100

83.33

83.33

83,33

8571

84,97
100

80,95

42372844
42373059
42373064
42373425
42373427
42373432
42374211
42374270
42374506
42374591
42374780
42374801
42375015
42375020
42375033
42375039
42377347
42378679
42378587
42379069
42379320
42379687
42379778
42379865
42379867
42379869
42379873
42379879
42379906
42379954
42380791
42380865
42380969
42382177
42382178
42382642
42382658
42382662
42384681
42390677
42390732
42391006
42393915
42393918
42393963
42397858
42397859
42397917
42399987
42408283
42409332
42527541
42529990
42530061
42530276
42530280
42530614
42531894
42531897
42531920
42535548
42536150
42539359
42643277
42543292
42543359
42596684
42596687
42596694
42596695
42596703
42596792
42599065
42599067
42599065
42599072
42599160
42599239
42599268

Kr. |Ref Kapsama Skor A(%) C(%) G(%) T(%) Ins(%) Del(%) Genotip Mut|Aa Degisimi SNP Yeregim
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10T
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10T
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10T
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10T
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10T
10 C
10T
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10 G
10T
10T
10 G
10C
10T
10/C
10/C
10T
10T
10T
10T
10T
10T
10T
10 G
10T
106G
10T
100 A
100 A
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10T
10T
10 A
10T
10T
10T
10T
100A
100 A
106G
100 A
10T
106G
106
100 A
100 A
100 A
100 A
10T
10 A
10 C
10 A
10T
10T
10 G
100A
10cC
10T
10C
106G
106G
106G
100A
100 A
100 A
100 A
10T
10T
10 C
10 A
10 A
10 A
10 C

16
7
9

13

16
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15
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8
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20
16
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0/625 12,5

] 0 ]

0 0 0
0846 7,69
87.5 6,25 0
90.5) 9,62 0
2368 81 714
0 806 16.7
81.8 0 0
0111 0
89.8 0227
86,5 7.29 312
100 0 ]
91,7/ 8,33 0
0 100 ]

0 100 0
100 0 0
1,76/ 84,1 10.6
80.2 137 275
0 0 100
85,7 0 143
0 0 0

0 100 0
10 0 90
88,2 0 0
0/8,57 88,6
0902 244
3,92/ 882 3,92
1 89 0
2,94 912 0
0 100 0
80,6/ 1.49 16.4
0 90 0
14.3 0 0
14.3 85,7 0
0 100 0
85.7 0 143
0857 ]
2241224 873
16,1 0 80,7
0 0 &4
1,49/81,3 1,49
89,7 0 69
7,69 0 88,5
11.1 0 0
0 100 0

0 0 100

0 0 100
813 125 625
90| 10 0
0 0 0

0 0 100
14.3 85,7 0
0 0 100
87.5 0 0
143 0 0
] 0 ]
125 0 875
0913 87

0 0 833

0 0 100
100 0 0
90,9/ 9,09 0
0875 0

0 0 0

0 0 100

0 0 0
100 0 0
0 0 0

0 0 0
11.1/88.9 0
0 0 100
16.7 0 0
0 0 833
833 16,7 ]
143 857 ]
135/ 052 85
0 100 ]
0/4,76 4,76

81
100
100
1.7
6.3
0
9.5
238
18

100

17
0
0

100

0
0
77,78

clo|lololololo oo oo oo oo oo ooooolohooooooooooooooe

3.45

oo oo ooooooooooooo

66,67
66,67

73,33

o oo oooooooooo

0TT
0TT
0)insG
0cc
0 AA
0/AA
0cc
0cc
0/AA
07T
0/AA
1.04 AA
0 AA
0 AA
0 cc
0cc
0 AA
occ
0.55 AA
0GG
0/AA
07T
0 cc
0GG
0 AA
0 GG
0 cc
0cc
0cc
0cc
0cc
0/AA
occ
07T
0 cc
0cc
0 AA
0 cc
746 GG
0GG
0GG
0cc
0 AA
3,85/ GG
07T
0cc
0GG
0GG
0/AA
0/AA
07T
0GG
0 cc
0GG
0 AA
0TT
0TT
0 GG
0 cc
0GG
0/insT
0/insTG
0 AA
0cc
07T
0/insT
07T
0/AA
07T
100 delAAG
0 cc
0GG
83.33 delT
0GG
0 AA
0 cc
0 GG
0 cc
80,95 delCG

G=T
C»T
insG
A=C
T=A
C=A
T=C
G=C
T=A
C=T
T=A
CxA
T=A
C»A
G=C
T=C
T=A
G>C
C=A
T=G
C=A
C=T
T=C
T=G
T=A
T=G
T=C
T=C
T=C
G=C
T=C
G=A
T=C
A>T
A>C
G=C
T=A
T=C
A=G
T=G
T=G
T=C
T=A
A=G
A=T
G=C
A=G
T=G
G=A
G=A
A>T
A=G
A>C
A=G
T=A
AT
C»T
A=G
T=C
T=G
insT
insTG
C=A
T=C
C=T
insT
G=T
G=A
A=T
delAAG
A>C
A=G
delT
T=G
CxA
A=C
A=G
A=C
delCG
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29572
29574
29589
29590
29592
29593
29594
29595
29618
29619
29622
29627
29633
29634
29635
29636
29637
29643
29649
29650
29671
29689
29687
29699
29776
29787
Son
Baslangic
30368
30393
30410
Son
Baslangig
38661
3o6g2
38685
38771
38781
38782
38820
38864
38868
38880
38890
38914
38919
38938
38971
38973
38975
38976
38977
38978
38016
39030
39087
39143
39156
39200
39206
Son
Baslangic
45022
45024
45025
45026
45027
45028
45157
45166
45184
45187
45254
45304
45312
45316
45317
45318
45319

8571
9479
100
100
100
100
100
100
100
87.5
100
91,67
8571
80,49
92,31
92,31
84,38
87.5
100
100
100
100
100
85,71
100
100
100
100
93,33
83,33
100
100
100
100
85.71
100
100
100
100
100
100
100
100
100
100
100
100
100
90
92.31
85,71
83.33
§3.33
100
8571
100
100
100
100
100
100
100
100
100
83,33
100
100
100
100
100
85,71
100
100
100
83,33
100
100
100
8,89

42599551

42599603

42661517

42664293

42664297

42664301

42664349

42664350

42808181

42808239

42808253

42815365

42815423

42815425

42815432

42815434

42815443

42817376

43046243 ZNF37B
43046282 ZNF37B
43882088 HMRNPF
46898858 FAM35B
47058952

47059421

50873340

50950467 OGDHL
52083060 rs2842096
88407055 rs2803546
90342024 RMNLS
91152228

92602860 HTR7
93301428 rs1224654
73128140 rs2240344
73406521 WDR21A
73719616 LOC10028
73727979 PAPLN
74959812 LTBP2
75201644 FCF1
75349255 DLST
75588057 NEK9
77687755 TMEMG3C
T7797046 GSTZ1
77909019 C140rf133
77944294 1SM2
78391222 ADCKA
79933278 NRXMN3
81743539 STONZ
89827402 FOXN3
89827567 FOXN3
89827969 FOXN3
89828762 FOXN3
89828842 FOXN3
89828844 FOXN3
91701012 GPRES
91759932 CCDCasC
93118229 RIN3
94253854 PRIMA1
94563439 IFI27L1
95356771

95864155

96579435 151953254
32177459 rs317401
32689866 CCL1
32689874 CCL1
32689875 CCL1
32689876 CCL1
32689878 CCL1
32689879 CCL1
35931054 AP1GEP1
36289670 TBC1D3F
36927692 PIP4K2B
37008621 RPL23
37947427 IKZF3
36183509 MED24
38251386 NR1D1
38300746 CASC3
38300751 CASC3
38300752 CASC3
38300759 CASC3

Kr. |Ref Kapsama Skor A(%) C(%) G(%) T(%) Ins(%) Del(%) Genotip Mut|Aa Degisimi SNP Yeregim
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10T
10T
10T
10T
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14T
14

17

117G
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17 C
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57.14

100
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14,29 GG

0 GG
0GG
0cc
0 AA
0GG
0cc
0GG
07T
0 cc
0 cc
0TT
4.76/CC
4.83TT
0 cc
0 AA
0cc
0GG
0/AA
0GG
0/AA
100 delT
0/insCA
0TT
0/insC
0 AA
100
100
07T
0cc
0insA
100
100
0 AA
0GG
0 AA
0TT
0TT
0insT
0/insC
0 AA
07T
0GG
07T
0GG
07T
0TT
0cc
07T
0GG
0insA
0 cc
0/AA
0TT
0 AA
0TT
100 delG
0)insG
0 AA
0)insG
100
100
07T
0cc
07T
07T
0GG
0GG
0/AA
07T
0/insAAG
0/insC
0GG
0/insG
0insT
0TT
0TT
0 AA
0 GG

C=G
A=G
C=G
T=C
T=A
T=G
T=C
A=G
G=T|
G>C
T>C
C=T
G=C
G=T
G=C
T=A
T=C
A=G
T=A
A=G
G=A415D=D
delT
insCA
C>T
insC
T=A

C=T|53Q=0Q
A=C
insA

G=>A35R=Q
T=G
G>AT14G=D
CxT

AT

insT

insC

C=A

G=T

A=G

C=T

A=G

C=T

A=T T06W=R
T=C

C=T

C=G

insA

T=C

T=A

C>T 138R=H
G=A

C=T 279R=C
delG

insG

G=A

insG

G=T
A=C
G=T
A=T
C=G
C=G
G=A
G=T|
insAAGT
insC
A=G
insG
insT
C=T
C=T
C=A
A=G

SNP_A-1829234
SNP_A-2209474

SHP_A-21584858
SNP_A-2174145

SNP_A-1934838
SNP_A-2151776
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Homozigotluk Frekans Krom. Pozis. Gen

Son

45323
45324
45325
45360
45362
45363
45364
45366
45386
45427
45506
45507
45528
45577
45621
45641
45651
45658
45662
45739
45752
45771
45850
45854
45905
46056
46061
46079
46088

Baglangic

Son

53348
53349
53351
53352
53354
53355
53356
53357
53358
53359
53360
53362
53363
53364
53365
53367
53368
53369
53370
53371
53374
533N

Baslangic

54819
54881
54918
54940
55025
55027
55033
55071
55096
55099
55241
55261
55268
55269
55274
55278
55356

100
100
100
100
100
100
91,67
100
100
100
100
81,25
85,11
92,31
100
100
83,33
100
100
86,67
93,75
100
100
83,33
100
100
100
100
100
100
100
100
100
83,33
85,71
83,33
83,33
83,33
83,33
82,35
93,75
100
100
85,71
85,71
85,71
88,89
100
86,67
90.91
88,89
100
100
100
100
100
100
100
100
100
100
88,89
100
96
100
100
100
100
84,21
100
93,78
83.33
100

38300810 CASC3
38300816 CASC3
38300817 CASC3
39164857 KRTAP31
39164913 KRTAP31
39165174 KRTAP31
39165364 KRTAP3-1
39254337

39427563 KRTAPIP
39657609 KRT13
40377168 STATSB
40447820 STATSA
40812799 TUBG2
41165632 IFI35
41932259 CD300LG
42143664 LSM12
42171411 HDACS
42330903 SLC4A1
42338692 SLC4A1
43062436

43311704 FMMLA
44144993 KIAA1267
46152719 CBX1
46189246 SNX11
47793703 FAM117A
51900140

51902048 KIF2B
53393145 HLF
54403792 ANKFN1
55847966 rs1694237
10920018 rs303304
11186768

11186811

11186826

14343580

14343598

14343599

14343601

14343604

14343641

14343644

14343654

14343667

14353276

14353280

14353281

14353286

14353290

14353347

14353356

14353358

14889489

16340786 NRIP1
19928138 rs1617486
36702300 rs1009150
36919894 EIF3D
37533823 IL2RB
37964905 CDCAZEP
38041227 SH3BP1
39113030 GTPBP1
39113290 GTPBP1
39224215 NPTXR
40356068 GRAP2
41359960 RBX1
41526279 EP300
43603323 SCUBE1
43616398 SCUBE1
438687360 MPPEDA1
43891369 MPPED1
43892412 MPPEDA1
43893034 MPPEDA1
45280455 PHF21B
45304108 rs6006905
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Kr. Ref Kapsama Skor A{%) C(%) G(%) T(%) Ins(%) Del(%) Genotip Mut. Aa Degisimi SMNP Yerlegim

1wc
17 A
T
176G
17/ C
176G
7T
176G
17 A
wec
176G
17|C
171G
17 G
17 A
1wc
17 G
17 A
17 G
T
17 A
imc
1wc
17 G
17 A
17 A
17cC
176G
17 A
17

21

21C
21C
21A
216
21A
21A
21A
211G
21A
2T
216
21|C
21A
21|C
21T
21cC
21A
21T
21T
21T
21A
21A
2

22

2cC
22cC
221G
22cC
220G
227
221G
22C
227
226G
22A
22 A
22G
22A
22G
27
227
22

7

7
2
2
14

0 0
0 0
0 100
100 0
0 0
100 0
8,33 0
0 0
0 0
0 0
100 0
0 18,8
0213
923 0
0 100
0 0
83.3 0
100 0
0 0
867 0
6,25 93,8
0 0
0 100
0/ 16,7
0 100
0 0
0 0
100 0
0 0
0 0
0 0
16,7 0
0 0
16,7/ 83.3
167 0
167 0
0 0
17,7/ 824
0 0
0 0
0 0
14.3 0
85,7 14,3
857 0
11,1 0
100 0
0 86,7
090.9
0 0
0 0
100 0
0 0
0 0
100 0
0 0
100 0
0 0
0 0
0 0
0 0
100 0
0 0
0 100
100 0
10,5 0
0 0
6,25 93.8
0/ 16.7

833

100 0
100 0
0 0
0 0
100 0
0 0
92| 66,67
0 8571
0 0
100 0
0 0
a1 0
13) 76.6
0 769
0 0
100 0
0 16,67
0 75
100 0
13 0
0 0
0 0
0 60
0 66,67
0 0
0 0
100 0
0 0
0 0
100 0
0 0
0 0
86 0
0 0
0 0
0 0
83 0
0 0
6.3 0
100 0
0 0
0 0
0 0
14 0
0 0
0 &7.14
13) 6,67
9.1 0
1 0
0 0
0 60
100 0
100 0
0 0
100 0
0 0
100 60
0 11n
100 0
4 0
0 0
0 0
0 0
0 0
84 0
100 0
0 0
83 83.33

0TT C=T
0TT A=T
0cc T=C
0 AA G=A
0TT C=T
0 AA G=A51C=C
0 insAAG InsAAG
0insT insT
0GG A=G
0TT C>T 426V=|
0 AA G=A
0TT C=T
0insT insT
0 AA G=A1T4R=Q
0cc A=C
0TT C=T
0 AA G=A
0insG insG
0TT G=T
0 AA T=A
0cc A=C
0 GG C=G525R=P
0insG insG
0insT insT.
0cc A=C
0GG A=G
0TT C=T 552R=>C
0 AA G=A
0GG A=G

100

100
0TT C=T
0GG C=G
0GG A=G
0TT G=T
0cc A=C
0GG A=G
0GG A=G
0TT G=T
0cc A=C
0 GG T=G
0TT G=T

100 delC delC
0GG A=G
0 AA C=A|
0 AA T=A
0GG C=G
0 insGCA insGCA
0cc T=C
0cc T=C
0GG T=G
0 GG A=G
0insC insC

100

100
0TT C=T
0TT C=T
0 AA G=A
0TT C=T
0 AA G=A
0 insCCA(insCCAGAA

88,89 delG  delG

0TT C>T|60H>H
0GG T=G
0 AA G=A

100 delAACAdelAACA
0cc A=C
0 AA G=A

5,26/ TT A=T
0TT G=T
0cc T=C
0 insCCA |insCCA

100

SNP_A-1864466
SNP_A-2015094

SNP_A-4270208
SNP_A-2236421

SNP_A4279733
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Commsnas TAT TECACOTAGCATARAATCCACCACC THGC AR TGAATMET CraaGTTALAAGTCACOACCAGE TGN T TOOAATC TEA

Hiomdeve I Fr TCC AL TAQCA TN ARAGT CCALCOEC L T FUCAATUAA TOOITENOANRT FAAAADTCACDATCAGLTUOAT TOSLAAL

Sekil 4.3. CLC yaziliminda CUBN 53'Uncu eksonunda bir baz cifti

uzunlugundaki homozigot delesyonun gérinimu (c.8355 delA).

[II) Bulunan varyasyonun mutasyon oldugunun dogrulanmasi igin
A2410-22 bireyi DNA dizi analizi ile CUBN mutasyonu yonunden incelenmis
ve CUBN (c.8355delA) homozigot delesyonuna sahip oldugu gosterilmigstir.
CUBN DNA dizi analizi icin kullanilan primerler Tablo 4.5’te verilmistir.
Hastaliktan etkilenen diger kardegin (A2410-21) ve ebeveynlerinin (A2410-11
ve A2410 -12) DNA ornekleri dizi analizine alinmis ve bulunan CUBN
(c.8355delA; p.S2785fsX19) mutasyonun hastaliktan etkilenen diger
kardeste de (A2410-21) homozigot; ebeveynlerinde ise heterozigot olarak
varligi gosterilmistir (Sekil 4.4). Mutasyonun varyasyon olma ihtimali veri
bankasi ile test edilmis ve kontrol bireylerde olmadigi 1000 genome project
veri bankasiyle karsilastirilarak goralmustir. Ayrica etnik olarak es 92 saglikl
kontrol bireyin ilgili mutasyon igin DNA dizi analizi ile incelenmesi sonucu da

mutasyon saglikh bireylerde bulunmamisgtir.



Tablo 4.5. CUBN’in ¢ogaltilmasinda kullanilan PZR primerleri.
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Ayrisma Ampilikon

Ekson derecesi Uzunlugu

numaras! Primer (Tm °C) (bg)

Ekson 1 5-GTTCTCCAAAATCCCATGCTC-3 60.01 258
3-GCTATTTGGGAAAACTGGTGAG-5 59.93

Ekson 2 5-GGACTAGGCTAATTCCTCACCAG-3 60.40 642
3-AGGGAGGCTGAAGACAGGTTG-5 62.14

Ekson 3 5-GGCAAGATCTTAGTGCTTAAAGTAG-3 57.28 297
3-TGGTATATCCCCTACAAAACGG-5’ 59.96

Ekson 4 5-GCAGAGGGCATTAGGACAATATG-3 59.43 235
3-TCATCCATTCACCTTCAAAATAAG-5 59.39

Ekson 5 5-GTAACATGCGTTTTGTTGCTG-3 60.03 232
3-AATATGCCTGATGATTCCAAGG-5 58.54

Ekson 6 5-ACGTATCATGTGAATGTTCGCTC-3’ 60.26 235
3-ACTATGGGATGTTTTAGGCCTTC-5 57.99

Ekson 7 5-TTGATATTAAGAGACAGGCACTGG-3 59.69 259
3-AGGAGGAGGAGGAGCTACTAACC-% 59.75

Ekson 8 5-GAAATGTTCAAAGGCTTTTCTTG-3’ 58.29 297
3-GAAAGAAAATTGGTTCTGGCAC-5 59.19

Ekson 9 5-TTTTATAGTTCCTTAGGTGGAGAAGG-3’ 59.53 353
3-TATTCCTATGTCTGTGTTCCCTG-5’ 60.35

Ekson 10 5-AATCCTAGACAGGCTTTGTCCTC-3 59.28 228
3-GATGTTGAATTGGTTTAGAAGGTC-% 58.14

Ekson 11 5-GGATGTTGGTGGATCCTTGTC-3 59.51 270
3-TCTTGACATTCCTGAATCCTATAAC-5 57.83

Ekson 12 5-CATGGCACTACATTCCTATTATTTG-3 58.93 368
3-TCTGTTGAGGGACTCACTAAAGG-5’ 59.66
5-GTTTATCAGCAGCAGGGTTACAG-3 60.42

Ekson 13 394
3-GTCTAGCCAAAATAATGGCACTC-5 59.05

Ekson 14 5-TGCCTAGGAAGTGGGAGAAATAC-3 60.23 493
3-GGGCAACAGAGTAAGACCTTGTC-%’ 58.85

Ekson 15 5-AAACAAAGTTTGGCTTCTTACGC-3 62.05 319
3'-CAGCTAATATTTTGGGGTCATCC-5’ 59.54
5-ATTTGGATGTGATGGGGAAAC-3' 57.19

Ekson 16 341
3'-CAGTCAGTCATCCTCTGAATCAC-5 58.02

Ekson 17 5-GGGTGAATAAAATGGATATGTGC-3 59.22 303
3-TCTTTTGAAGACCACCACTCTG-5 58.85
5-CAGCATTTCATGTTATTGCATTG-3’ 60.50

Ekson 18 315
3'-CAGTTAATTCATCCCCGCAAG-5 58.09

Ekson 19 5-TCTCCTCAGGCAGTATTAGATTTTG-3 58.21 357
3'-AACAGATTTGAAGACAACAACCC-5 59.42
5-CTGTGGTTTCAGGGGAATGAG-3’ 60.82

Ekson 20 573
3-CTTAGTTGCCACTTAAGATAACCTG-5 57.81

Ekson 21 5-CCTTTTAATTTGAAATCCAGGTAG-3 57.50 340
3-TGAAGCAGGAAATCAGTGAAG-5 58.09

Ekson 22 5-TTGTGTTTTAAGGTTGATGAGAGG-3 59.58 370
3-GCTATTAGCACTGTTTTGCAATG-5’ 61.03
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Tablo 4.5. (devam) CUBN’in ¢cogaltiimasinda kullanilan PZR primerleri.

Ayrisma Ampilikon

Ekson derecesi Uzunlugu

numaras! Primer (Tm °C) (bg)
5-CACATTCCAGAATGGCTTATTG-3 59.47

Ekson 23 426
3-GGAGCTTTGCAGAGAATTTCC-5 61.69

Ekson 24 5-TAATGTTTGCAATCCCAAAGTTC-3 58.60 3492
3'-ATCCCAGAATCAAGAAACCAATC-5 59.84
5-AAAAGATTCAATTTCCCCAGAAG-3’ 58.43

Ekson 25 304
3'-AAAATAAGTGCATTGTGCGTTG-5 59.61
5-TTATTTCATGGCTATTCTTTTGTG-3’ 57.52

Ekson 26 675
3-TCACTGAATTGCAACTCTCTCAG-5 60.05

Ekson 27 5-CTTTCACTATGAAAATACTGCACC-3’ 57.14 511
3-GGTGGTTGGTGTGTTATAGATGC-5 60.36
5-AGGAACAGCTTTTGCTACTTGTG-3 59.67

Ekson 28 344
3-TGGTATTGTTTCTAAGTTTGGAACTG-5 59.88

Ekson 29 5-GGTTTTCTCCTAAATTAAGCATTG-3’ 57.63 412
3’-CCATGTCTACCAAATGATCACC-5 57.33
5-ATAATCATAGAACCCAAGGAGCC-3’ 59.34

Ekson 30 292
3-GTGTAGCCTTCATACGTTTTCCC-5 60.18

Ekson 31 5-TAATGGATTATTTTCGAGCATCC-3 57.64 295
3-GCTTATATGGCAGTGTTTTGACC-5 59.92

Ekson 32 5-AGTTCGTGGAATACAGGCCTTC-3 60.07 297
3-TCATTTCACTGTTGCACCAAAC-5 59.09

Ekson 33 5-TTGTACGGTCAGTAGAAATGAAAAG-3 59.27 253
3’-CATAGACTGACCTTCCCACAGAC-5 60.56

Ekson 34 5-TCTCCCTGTATGTTTTATTTGCC-3 60.14 240
3'-CGGATCTATAAATAAAGCACAGCC-% 60.34
5-CTAGAAACAGCGGTCTCTGCC-3 60.54

Ekson 35 266
3'-AGAGTCCCCAATAACAAACCAAG-5 59.74

Ekson 36 5-CATTGATAATGGCTCTAGCGTTC-3 60.13 307
3'-ACGTACACTATGAGTTGCCCATC-5 59.92
5-AAAAGTGAACGGGTTAACCTAGC-3 59.20

Ekson 37 398
3-CTCTCCCTTGCCCTTATTGAG-5 57.02
5-AAAGTCCATCCTTTTCAACACC-3’ 60.09

Ekson 38 363
3-TGCTTGAATAGACGTTACCTTGG-% 60.52

Ekson 39 5-TTCTCTGGCAGTATGTGTTTTAAG-3’ 57.73 481
3-ATCTGAACATATGGTGGAAGGG-5 60.32
5-TCTTTTCAGTAGAGGGCTGTCAC-3’ 59.94

Ekson 40 400
3-GAGGCAGTATGCAAGTCTGATG-5 59.66

Ekson 41 5-TTGTTCCCTTTCTTTCAACG-3 57.85 216
3'-GAGGAGATGAGATAACATGGGATT-5’ 59.71

Ekson 42 5-TAAATAACCGACCTTTGTTTCTTTGT-3’ 58.26 238
3-ATTAGAAAGGGTAGCAGCAAGACCTAC-5 58.94

Ekson 43 5-AGTTGATGAAATTTTAATTTGTCTTTCC-3 59.64 274
3'-AAGAAAATTTTATATCAAAGAAGATCAAGC-5 60.52

Ekson 44 5-ACTGATTTAAGTGTGTTTGCTCACAG-3’ 59.74 248
3'-AAAAATACTAACTTGGGGTAGGAAAAA-5’ 57.69




Tablo 4.5. (devam) CUBN’in ¢cogaltiimasinda kullanilan PZR primerleri.
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Ayrisma Ampilikon

Ekson derecesi Uzunlugu

numaras! Primer (Tm °C) (bg)

Ekson 45 5-GTAAGTAAGGTTGTCATTATCAAAATAAGC-3 58.74 249
3-ATGTACCCCTGAACCTAAAATAAAAGTT-5 59.85

Ekson 46 5-CAATCTTTCTTGCTTGCTTGC-3 60.15 300
3-AACACCCAAAAGAGAGCAGA-5 57.51
5-AAAGGAAATCAATCACTTGGACA-3 59.86

Ekson 47 233
3-GCAGGTGCTCAATGTTGTGT-5’ 59.76
5-GCTTTTTCCCCACGTCAG-3’ 59.21

Ekson 48 218
3-GCGGCAGGGAACACTTAC-%Y 59.25

Ekson 49 5-GGATTGTGTGCCTGAAGGTT-3’ 59.97 237
3-GGGGGCATTTACAACATCCT-5’ 60.94
5-TGTATCAATGATGGCACTTGG-3 61.02

Ekson 50 294
3-TCAGCCACAACCAATTAAAAA-5 58.62

Ekson 51 5-TGTTGCAGTTAACAGAGACACAC-3 59.84 507
3-AAATTTCTAGATATCAGCCACAACC-5 59.05
5-ACTTACTTTGGCATTATCGGTTC-3 57.85

Ekson 52 252
3-GGACAGGCTATTGTGGTTCTATTG-5 59.61

Ekson 53 5-CAAAATTAAACGATTTGTAAGGGC-3 58.84 385
3-GCCTGATGTAAAGTAGGTACAAAATG-Y 59.46

Ekson 54 5-TGTTCCTTCTGTAGCAGTCTTGAG-3’ 60.11 308
3'-GCTTAAACACTAATGTTCACAAAACC-5 59.48
5-GCATTAAAATATTGATGGGAAACC-3 59.84

Ekson 55 275
3-CTGCCTGTGACAACCACACTC-% 60.79

Ekson 56 5-CCATTTGGAATATCTCAGGGAAC-3’ 60.20 338
3-AACTGGATTTAGCCACTCTACAAC-5 58.00
5-ATGGCCTTAATTGTTTGTGTAGG-3' 59.05

Ekson 57 337
3-TGAATCGCAGTGAAAACTCTTTG-5 59.02

Ekson 58 5-TTTCCATGCTGGGACTAATCG-3 60.99 268
3-ATGAGAATCAGTGCCCTCCATC-% 60.33
5-CAAATTTGGCTAAACTTTTGAACTG-3 60.40

Ekson 59 502
3'-AAAGCAATCATAATCAGGTGGG-5 60.16

Ekson 60 5-TGTACAATGTAAGGTCGGTTCTG-3’ 59.07 348
3-TCCTGTAACGATATAAACTGGAATAC-% 58.54

Ekson 61 5-GAAGTAATGAATTGTTTTTCTTCTCA-3’ 57.32 258
3-GGGCATTCTTTTCAGTGCAT-5 60.08
5-GCTTTTTCCTCCCTCTCCAG-3 60.32

Ekson 62 284
3-TTCATCATGGCTTCATTACTTCA-5 59.13

Ekson 63 5-TTTGGCTCCCATTTCATTTC-3’ 59.88 191
3-AGATGAAGTTCCTGGCCTCA-5 59.80
5-TGCGTACATTAATTATGCCTATTTTT-3’ 59.36

Ekson 64 246
3-TCATTCAAACGATATTCAAATGC-5 59.00

Ekson 65 5-TTAATAATGAATGACTCCTTCCTAAAG-3 57.70 243
3-CCTCATGTTTTTCTCACAGTGC-5 59.78

Ekson 66 5-TCCTGTCCTGTTTTCCTTGC-3 60.23 293
3'-AACAAATGGGAATATAAAATGTTTG-5 57.56
5-GGCTAACATTCCTAGAAAAACG-3’ 57.20

Ekson 67 218
3-GCAGAGGGAAAGTGCTGAGT-% 59.60
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A2410 11-1 (c.8355delA)(H) A2410 11-2 (c.8355delA)(H)
L\ A C T C.G_AC C . Y A C T C:G A C C
i A C T €C 6 AC C¢F I'A C T C G AC C I
A2410 I-1 (c.8355delA)(h) A2410 1-2 (c.8355delA)(h)
% A C T C:N AN C A A C T C:HN A NTC T
Saglikh Kontrol Saglikl Kontrol

A C T C A G A C C A C T € A G A C €

Sekil 4.4. A2410 ailesinde CUBN ekson 53: ¢.8355delA (p.S2785fsX19)

mutasyonu.

V) CUBN mutasyonuna sahip bagka ailelerin varligini arastirmak igin,
cocukluk ¢cagr SDNS’ine sahip olan ve homozigotluk haritalamasi yapiimis
arastirma grubu, CUBN lokusunda homozigot olup olmadiklari agisindan
arastinimistir. Arastirma grubu iginden 4 bireyin (A155-21, A849-21, A1605-
21 ve A2591-21) Affymetrix GeneChip Human Mapping 250K Styl ¢ip
platformunda haritalanmasi sonucu CUBN lokusunda en az 2 megabazlik
homozigot segment icerdigi bulunmustur. Ancak bu bireylerin DNA dizi

analizi sonucunda CUBN’de mutasyon bulunmamistir.
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5. TARTISMA

Arastirmada homozigotluk haritalamasi ve eksom saptamalylksek
Olcekli dizileme tekniklerinin birlestiriimesiyle iki kardesin proteinuri sebebinin
CUBN bir baz ¢ifti uzunlugunda homozigot delesyon oldugu gdsterilmistir ve
CUBN resesif mutasyonlarinin proteinuriye neden olan yeni bir gen oldugu
bulunmustur.

CUBN (CUBN: OMIM ID #602997) mutasyonlari, megaloblastik
aneminin monogenik bir tard olan ve hatall intestinal vitamin B12
absorbsiyonu ve/veya defektif renal tubuller protein reabsorbsiyonundan
kaynaklanan Imerslund-Gréosbeck sendromuna (IGS; OMIM ID#261100)
sebep olmaktadir. Calismada proteinuriden sorumlu olarak CUBN
mutasyonlarinin bulunmasi, aralikh proteindrinin CUBN mutasyonu tasiyan
IGS’li bireylerde ¢ok nadir olmasi nedeniyle, nefrotik sinirda proteinuriye
neden olmasi aslinda beklenmedik bir bulgudur. CUBN’in bobrege olan etkisi
yakin zamanda knockout fare modelinde arastiriimistir (68). Proksimal tubul
hlcrelerinin reseptdr protein amnionless’i plazma membranina cubilin’in
olmadigi durumda lokalize edemedigi ve fonksiyonel membran reseptor
kompleksi olusumu i¢in amnionless ve cubilin’in birbirlerine bagh oldugu
gosterilmigtir. Ayrica cubilin proteininin ablasyona ugradigi farelerde,
proksimal tubuler hicrelerden albimin geri emiliminin azaldigi ve
proteinuriye sebep oldugu gOsterilmigtir. Bu nedenle proksimal tubuler
hicrelerden albimin geri alimi igin cubilin’in esansiyel oldugu belirtiimistir
(68). Yakin zamanda yapilan bir genom olcekli iliskilendirme ¢alismasinda da
CUBN'deki bir yanlis anlamh varyantin (12984V) idrar alblUmin-kreatinin
oraniyla ve mikroalbuminuriyle olan ilgisi gosterilmigtir (69).

Yapilan c¢aligmada, homozigotluk haritalamasi ile  eksom
saptamal/ylksek olgekli dizileme tekniklerinin birlestirildigi bir yaklagsimin, tani
konamamis genetik hastalik sahibi bireylerin degerlendirilmesi icin bir arag
olarak kullanilabilecegi gosterilmistir. Kullanilan teknik ile CUBN’'de yeni bir
delesyon turU mutasyon tanimlanmis, megaloblastik anemi bulgulari

g6stermedigi icin tanida IGS’den suphelenilmemis bir ailede proteindrinin
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sebebi olarak CUBN resesif mutasyonu gosterilmigtir. 1GS, CUBN
mutasyonunun tam klinik ozelliklerini temsil etmektedir. Kardeglerin henuz
klguk yasta olduklari icin megaloblastik anemi bulgularini gdstermedigi
dusundimustir. Arastirma, molekuler genetigin klinik tanidan daha duyarli ve
dogru bir tanisal yontem olduguna bir 6rnek tegkil etmektedir.

Aragtirmada elde edilen veriler, hastaligin tedavisine yon vermistir.
Daha 6nce yayinlanan bir galismada, megaloblastik anemi, selektif proteindri
ve funikller myelosis noérolojik bulgusu olan 15 yasindaki Alman kokenli bir
kiz ¢ocugunda CUBN mutasyonu varhg ile 1GS tanisi kondugu ve bu
hastanin intravaskuler vitamin B12 tedavisi ve takiben aralikli intramuskuler
vitamin B12 enjeksiyonlari ile noérolojik bulgulari 2 ay iginde tamamen
dizeldigi, hematolojik bulgularinin 5 ay icinde normale doéndugu ve
proteinurinin devam etmesine ramen renal fonksiyonun gerilemedigi
belirtiimistir (70). Bu arastirmada CUBN mutasyonu tespit edilen ¢ocuklarin
da benzer sekilde vitamin B12 tedavisinden fayda gdrebilecegi
disunulmustar.

Arastirma ayrica proteinuri sahibi bireylerin tanisi konulurken 1GS’in
de tanida g6z oOnunde bulundurulmasi gerektigini, bu sayede potansiyel
olarak tedavi edilebilir vakalarin tanimlanabilecegini gostermistir.
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6. SONUG VE ONERILER

Doktora tez calismasi kapsaminda elde edilen sonuglar asagida

belirtildigi sekilde 6zetlenmisgtir.

Calisma ile arastirma grubunu olusturan 2056 ailenin 310’unun
(%15) hastalik etyolojisi ¢cocukluk cagi SDNS’ine sebep olan ve
otozomal resesif kalitilan NPHS1 (16 aile), NPHS2 (237 aile),
LAMB2 (4 aile) ve PLCEL1 (7 aile) bialelik veya dominant kalitilan
WT1 (46 aile) monoalelik mutasyonlarla agiklandi.

Arastirma grubu iginden SDNS ortaya c¢ikis yasi hayatin ilk 3
ayinda gergceklesen 27 ailede NPHS1'de 3 yeni mutasyon
tanimlandi (IVS 7+1 G>T, ¢.2930 A>G, c. 644 T>G). Bu bulgular
Nephron Clinical Practice dergisinde yayinlandi (Bkz. Ek 3).

“Ovunc, B., Ashraf, S., Vega-Warner, V., Bockenhauer, D., Soliman
Elshakhs, NA., Joseph, M. ve digerleri. (2012) Mutation Analysis of
NPHS1 in a Worldwide Cohort of Congenital Nephrotic Syndrome
Patients. Nephron Clin Pract, 120(3):139-146.” (71).

SDNS’e sebep olan yeni genlerin tanimlanmasi i¢in, SDNS’e
sebep oldugu bilinen genler dncelikle DNA dizi analizi ile tarandi ve
mutasyon saptanmayan 1746 aile arasindan, ebeveynler arasinda
akrabalik oldugu bilinen 85 aile homozigotluk haritalamasi ile
incelendi ve cZLR peak’lerinin gosterdigi homozigot segmentlerin
toplam genetik uzunlugunun 16 ile 130 megabaz arasinda oldugu
belirlendi.

85 aile arasindan birden fazla hastaliktan etkilenen kardesin
oldugu 19 aile secildi ve 19 aile arasindan bir aile (A 2410) etnik
koken, klinik Ozellikleri ve tedaviye cevap oOzellikleri agisindan
dikkat ¢ekici oldugu icin eksom saptamal/ytksek Olgekli dizileme ile

ileri analiz edildi.
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A2410-21 ve A2410-22 kardesleri icin parametrik olmayan LOD
degerleri, iki kardes birlikte olarak hesaplandi ve kromozom 3, 10,
14, 17, 21 ve 22’de homozygosity by descent’i isaret eden cZLR
peak’leri bulundu.

A2410-22 bireyi eksom saptamal/yuksek dlgekli dizileme teknigiyle
incelendi, elde edilen veriler analiz edildikten sonra tanimlanan
varyant sayisi 48’e indirildi. Bu 48 varyant arasindan 11 tanesininin
sinonim olmadigi ve homozigot segmentlere yerlesmis oldugu
tanimlandi. Bu varyantlardan sadece bir tanesinin delesyon oldugu
belirlendi. Bu sayede CUBN (cubilin) geni 53’Unclu eksondaki bir
bazgifti uzunlugundaki homozigot delesyonun (c.8355delA)
gerceve kaymasina neden olarak kodlanan proteinin erken
sonlandiriimasindan (p.S2785fsX19) sorumlu oldugu bulundu.
DNA dizi analiziyle mutasyonun hastaliktan etkilenen kardeslerde
homozigot; ebeveynlerinde ise heterozigot olarak varligi gosterildi.
Mutasyonun kontrol bireylerde olmadigi 1000 genome project veri
bankasiyle kargilastirilarak goruldu. Ayrica etnik olarak es 92
saglikli kontrol bireyin ilgili mutasyon icin DNA dizi analizi ile
incelenmesi sonucu da mutasyon saglikli bireylerde bulunmadi. Bu
veriler Journal of American Society of Nephrology dergisinde
yayinlandi (Bkz. Ek 4).

“Ovunc, B., Otto, E.A.,, Vega-Warner, V., Saisawat, P., Ashraf, S,
Ramaswami, G.ve digerleri. (2011) Exome sequencing reveals cubilin
mutation as a single-gene cause of proteinuria. J Am Soc Nephrol,
22(10):1815-1820.” (72)

Oneriler

Bu arastirmada cocukluk ¢agr SDNS’ine sebep olan yeni bir gen
homozigotluk haritalamasi ile eksom saptamal/yiksek olgekli

dizileme tekniklerinin birlestiriimesiyle tanimlanmistir.
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Arastirmanin  sonuglari dogrultusunda, ebeveynleri arasinda
akrabalikk bulunan ailelerden gelen ve henuz tani almamig
hastalarin degerlendiriimesinde homozigotluk haritalamasi ile
eksom saptamalylksek Olgekli dizileme tekniklerinin birlegtiriimesi
bir tani yontemi olarak onerilmektedir.

Proteinurisi olan hastalarda potansiyel olarak tedavi edilebilir
varyantlarin tespiti i¢in Imerslund-Grosbeck Sendromunun ayirici
tanida dusutnulmesi énerilmektedir.

CUBN’den sentezlenen cubilin proteininin nefrotik sinirda
proteinuriye nasil sebep oldugunun daha iyi anlasilabilmesi igin,
SDNS patogenezindeki fonksiyonel karakterizasyonun co-
immunoprecipitation ve co-localization g¢alismalari ile yapiimasi
Onerilmektedir.

Hastalik fizyopatolojisinin daha iyi anlasilabilmesi ve ilag
tedavilerinin  denenebilmesi  icin  hastaligin  hayvanlarda
modellenmesi Onerilmektedir. Bu hastaligin resesif kalitiimasi
nedeniyle, gen knockdown/knockout ile hayvanlarda modelleme
imkani ile oldukga guglu bir calisma yapmaya olanak
saglayacaktir. Fare ve zebrafish gibi hayvan modelleri ilag
arastirmalarina imkan verecek, tedavi igin yeni molekuler

hedeflerin tanimlanmasini saglayacaktir.
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Mutation Analysis and Cloning of Childhood Renal Disesase
Dear Colleagues

Thank you for your interest in the mutational screening of patients with nephrotic syndrome (NS),
branchio-oto-renal syndrome (BOR), or patients that have a congenital or developmental abnormality of
the urinary tract.

We are performing mutational analysis in the NPHS2-gene (podocin) and WT-7-gene. Our aim is to find
out whether there is any correlation between the occurrence of mutations in the NPHS2-gene and the
clinical outcome of these patients (e.g. response to steroids and cytotoxic drugs, relapse after
transplantation) (Karle et al. J Am Soc Nephrol 13:388, 2002). This genetic analysis is investigational
and is performed in the setting of a research laboratory and there are no universal standards for the
performance of these studies. The investigators endeavor to attain the highest standards in their
analysis, but these analyses should not be considered diagnostic tests, rather investigational genetic
tests, not intended to replace other clinical or laboratory evaluations or treatments that would otherwise
be considered the standard of care.

Identification of new genes causing branchio-oto-renal syndrome will offer new insights into the
pathomechanisms of hearing defects, urinary tract malformations (UTM), as well as kidney and ear
development. Congenital developmental abnormalities of the human genitourinary (GU) tract account
for a significant degree of morbidity seen in children possessing such lesions. Clinically these
abnormalities comprise the most common causes of infant and childhood chronic renal insufficiency and
ultimately renal transplantation. The purpose of this proposal is to provide critical data needed to
elucidate the genetic causes that underlie these various syndromes and provide a potential screening
tool for families at high risk. Additionally, insights gained from this study will provide us and the research
community with new information involving the abnormal and normal development of the GU tract, which
will have a potentially larger patient application in the future.

Branchio-oto-renal syndrome (BOR) is an autosomal dominant disorder with the features of renal
anomalies, hearing loss, and branchial arch defects. The prevalence of BOR approximates 1:40,000 in
the general population. In 1997, mutations in the EYA7 gene were identified as causing BOR. Although
disease-causing mutations in SIX7 and SIX5 have also recently been identified in patients, a large
number of cases are still unaccounted for, suggesting that several more BOR genes are present in the
genome.

Congenital urinary tract malformations (UTM) are the most common cause of end stage renal disease in
the pediatric population, accounting for 32% of primary etiologies at the time of renal transplantation.
Over 90% of UTM cases are non-syndromic, but congenital malformations of the urinary tract can also
occur as part of over 200 syndromes. Urinary tract malformation loci are present on chromosomes
1p13, 6p21, 10926, and a number of genes including HNF 145, PAX2, EYA1 and UPlila have been shown
to be mutated in UTM patients. Further, BOR genes that are identified through this study may also
contribute to non-syndromic cases of UTM.

These genetic tests are presently considered investigational and are part of a research protocol. There
is no cost for the blood draw, shipping or processing of the samples to the patients or family members of
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the patients who agree to participate in the study. Office visits for physicians or genetic counselors are
not paid for by this study, nor are any other laboratory tests. Results of genetic analyses are generally
available 3-6 months following the receipt of a sample. Results are transmitted directly to the
corresponding physician and not to individual participants. Participants will therefore need to depend
upon their local physician to communicate and explain the results of the genetic tests. The investigators
would be happy to discuss the results of the genetic testing with any local physician who wishes to do
so. No results will be reported for individual participants who do not have a diagnosis of
nephrotic syndrome, BOR or UTM at the time of enroliment.

If an individual is found to have nephrotic syndrome, BOR or UTM after enrolling in the study a local
physician may contact the investigators, at which time results of any genetic testing which has been
performed can then be released to the local physician. Local physicians, or their representatives, are
expected to review the consent document with prospective participants and indicate that they feel the
participant understands the nature of the study by signing the consent document before the participant
signs the consent document. In addition to the copy that is returned to the investigators, the participant
and the local physician should also keep a signed copy of the consent.

We also kindly ask you to fill out a clinical questionnaire which includes not only important information on
the family history, the clinical picture, the response to treatment, and extrarenal associations, but also on
the ethnicity of your patient. Recent studies and our own data suggest that ethnic groups are affected
differently by mutations in genes causing nephrotic syndrome, such as podocin and nephrin. Our group
is interested in elucidating genotype/phenotype correlations in this disease. We, therefore, want to
encourage you to describe your patient’s ethnicity in as detailed a way as possible. Please feel free to
check more than one box and/or use the “other” checkbox with a more detailed description.

Please return the following items to the investigators:
1. Signed consent document.
2. Health questionnaire.
3. Blood sample: 3-10ml EDTA or Na-Heparin blood for each participant.
4. Outside the U.S.: Customs Invoice (see end of document)
Blood samples without a signed consent document cannot be processed or analyzed.

As in the past, we are happy to provide free shipping of your blood samples. However, there has been
abuse of our customer numbers. Therefore, we would like to kindly ask you to contact our laboratory for
information on free shipping. Virginia Vega-Warner will be happy to help you and can be contacted by
g-mail at ¥ vegaw@umich edu, DNA samples can be shipped by regular mii

Please e-rmad us al the bime of shipping with the shigping nuember, 54 thal we can rack the package and
ensure gale delivery. Thank you again for yowr participation. Fleass do nat hesiate o contact us with
BNy QUEENONS OF CONoEMS.

Bast regarnds,

Friedhedm Hildebrandt, #.D.

Professor of Pediatrics and of Human Geanatics
Investigator, Howard Hughes Medical Instiube
Fredenck &, L. Huébaell Professor Tor Cure and Prevention of Birth Defecls
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Questionnaire, version January 25, 2008

Prof. Dr. F. Hildebrandt

Thank you very much for taking the time to fill out this form.
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General Patient Information

Last name: First name: DOB: /
MM DD YYYY
Om OF Height: cm Weight before iliness: kg
Consanguineous parents ] Yes [J No
Relatives with nephrotic syndrome [J Mother [] Brother
[] Father [] Sister
[J Others:

Ethnicity: [1 African [] African American [] American Indian [J Arabic [] Asian [] Caucasian [] Central Slavic

[1 Chinese [ European [] Finnish [ Hispanic []
[] Turkish [J Other:

Indian Subcontinent [] Japanese [] Pacific Islander

I. Initial Clinical Examination: MM DO YYYY
1. Symptoms (initial)
[ Acute event [1 Edema
[1 During regular examination [1 High blood pressure (before steroid therapy)
[ need of treatment
[l Other:
2. Laboratory Findings (initial)
Blood studies: [] Creatine: mg/dl Urinalysis: [] Proteinuria g/day or
GFR: ml/min g/g crea
[] Serum protein: gll [] selective [] non-selective
Albumin: all
[J Immunologic abnormalities [J Hematuria
(immunoglobulins / complement [l Yes [J No
components) following:
3. Renal Biopsy 1% Biopsy 2" Biopsy Institution
/ /
MM 7 YYYY MM 7 YYYY
MCNS (minimal change nephrotic syndrome) a a
FSGS (focal segmental glomerulosclerosis) a a
Other: 0 0
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Patient’s Name:

I1. Treatment
1. Corticosteroids [JYes [INo

[] Steroid sensitive [] Complete response
Relapse [lYes [l No
[J Partial response
Relapse [l Yes [l No
[] Steroid resistant

2. Cytotoxicdrugs [l Yes [ No Cyclosporine  [1Yes [ No

Name of drug: Clinical response:
Clinical response:

3. Dialysis / Renal Transplantation MM /YYYY
Date of end stage renal failure: / [J Unsuccessful transplantation because of:
1% transplantation: / [] Recurrence
2™ transplantation: / [] Graft loss because of:
I Recurrence
[ Rejection
[] Date of transplant failure: MY/ YYYY
II1. Extrarenal Association
The patient suffers / suffered from one of the following diseases:
I Deafness (] Short stature [ Urinary/genital tract anomalies
[J Blindness [] Facial dysmorphy [1 Heart anomalies
[J Microcephaly [ Hexadactylia [ Allergies
LI Mental retardation Ll Spondyloepiphyseal dysplasia [l Other:

(Schminke-disease)

IV. Remarks

Thank you very much for your assistance.
Please provide us with the following information in order to facilitate further correspondence.

Name: Phone:
Address: Fax:
Address: eMail:
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BLOOD SAMPLE COLLECTION FOR MUTATIONAL ANALYSIS

1. Please call us or send us an email to the below mentioned address before, or at the time when shipping the
samples, so we can be certain to receive them within 2 days or otherwise trace them.

2. Venipuncture: Draw 5 ml EDTA-blood or Na-Heparin under sterile conditions (wear gloves, do not touch rim of
tubes); immediately invert tubes several times to prevent coagulation. If syringes and tubes are being
used rinse syringe with Na-Heparin.

3. Storage: Always keep blood samples at room temperature! (Never chill, never freeze!)

4. Transport: Send samples and filled-out forms: consent and clinical questionnaire (inside shipping envelope),
customs forms (outside shipping envelope or package). Immediately address to the name below by the
fastest route possible, e.g. 2-day Express Air Mail, Federal Express, DHL Worldwide Express. Geta
guarantee from the carrier to deliver samples to our destination within 1-2 days (regular air mail is much
too slow for blood samples). Protect samples from the cold by wrapping them in gauze or packaging them
in Styrofoam. Don’t forget to contact us!

If you like, you can use one of ocur personal courier accounts. For information on the account numbars
pleasa contact Virginia Vega-Warner at v vegawiBumich.edu or Professor Frisdhalm Hildebrandt at
fhildeEumich.edu.

Thank you for your cooperation!

Sand samples to:

Prof, Dr, med, F. Hildebrandt

University of Michigan, Depanment of Fediairics
1150 ‘Wast Medical Canter Or, 8220C MSRB 2
Ann Arbar, Michigan 48108-5845, USA

Fa: T3-615-1386

eMail: fhildei@umich gdu
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Invoice
Shipper:
Consignee: Prof. Dr. med. F. Hildebrandt
University of Michigan, Department of Pediatrics
1150 West Medical Center Dr, 8220C MSRB 3
Ann Arbor, Michigan 48109-5646, USA
Content: 1 Parcel containing:

Documents and human blood or DNA, non-hazardous, non-
toxic, non-infectious, sample for laboratory research use
only, ho commercial value.

$ 1 value for customs purposes only.

Date / Signature
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University of Michigan
Consent To Be Part Of A Research Study
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INFORMATION ABOUT THIS FORM

You, or your child, may be eligible to take part in a research study. This form gives you important
information about the study. It describes the purpose of the study, and the risks and possible benefits

of participating in the study. Parents or legal guardians, who are giving permission for a child, please
note: in the sections that follow the word ‘you’ refers to ‘your child." *NOTE: ltems with an

are for the child’s understanding and assent.

Please take time to review this information carefully. After you have finished, you should talk to the

Gkn

asterisk

researchers about the study and ask them any questions you have. You may also wish to talk to others
(for example, your friends, family, or other doctors) about your participation in this study. If you decide
to take part in the study, you will be asked to sign this form. Before you sign this form, be sure you
understand what the study is about, including the risks and possible benefits to you.

(This document was prepared in December, 2009.)

1. GENERAL INFORMATION ABOUT THIS STUDY AND THE RESEARCHERS

1.1 Study title:

Mutation analysis and cloning of childhood renal disease.

1.2 Company or agency sponsoring the study:
National Institutes of Health
Doris Duke Charitable Foundation

1.3 Names, degrees, and affiliations of the researchers conducting the study:

Friedhelm Hildebrandt, MD

Roger Wiggins, MD
Jeffrey Innis, MD
Edgar Otto, PhD
Bernward Hinkes, MD

Christopher Vlangos, PhD

Rannar Airik, PhD
Susan Allen, MS
Shazia Ashraf, MS
Hassan Chaib, PhD

Co-Investigator
Co-Investigator
Co-Investigator
Co-Investigator
Co-Investigator
Co-Investigator
Co-Investigator
Co-Investigator
Co-Investigator

Principal Investigator

U of M Pediatric Nephrology
U of M Internal Medicine
U of M Human Genetics
U of M Pediatric Nephrology

U of Erlangen, Germany, Pediatrics

U of M Pediatric Genetics

U of M Pediatric Nephrology
U of M Pediatric Nephrology
U of M Pediatric Nephrology
U of M Pediatric Nephrology

Moumita Chaki, PhD Co-Investigator U of M Pediatric Nephrology
Gil Chernin, MD Co-Investigator U of M Pediatric Nephrology
Amiya Ghosh, PhD Co-Inwestigatar L of M Pediatric Mephrology
Haathar Harville, BS Co-Inwastigatar Ll of M Pediatric Mephrology
Saskia Heeringa, MD Co-Invesligalar U of M Pediafric Mephralogy
Susanne Held, BS Co-Inwestigatar U of M Pediatric Mephrology
Toly Hurd, PhD Co-Inwastigator L of b Pediatric Mephrology
Sabine Janssen, BS Co-Inwastigatar Ll of M Pediatric Mephrology
Sivakumar Natarajan, MS Co-lnwestigatar U of b Pediatric Mephralogy
John O Toola, MD Co-Inwestigatar Caea Western, Ohio, Internal Med
Bugsu Chunc, MD Co-Inwastigatar L of M Pediatric Mephrology
Gokul Ramaswarmi, BS Co-lnwesligatar LI of M Pediafric Nephrology
Pawares Sasawat, M0 Co-lnwestigatar U of B Pediatric Mephralogy
Crorminik Schoab, BS Co-Inwastigetar L of b Pediatric Mephralogy
Wirginia Vega-Warner, PhD Co-Investigatar LI of M Pediafric Mephrology
Weibin Zhouw, PRDO Co=lnvestigalar U of M Pediairic Nephralogy

Corsent Subdie Mitation arakeis gnd doning o
4 = T
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Study No.: IRB: 2003-0906 Consent Approved On: 01/21/10 Project Approval Expires On: 01/20/11

| 2. PURPOSE OF THIS STUDY

2.1 Study purpose:
Nephrotic syndrome (NS) is one of the most common kidney diseases. Branchio-oto-renal
(BOR) syndrome is a genetic disorder involving the kidneys, ears, and the urinary tract. The
purpose of this research is to find genes that can cause nephrotic syndrome and BOR. *NS and
BOR mean that the kidneys are not doing what they should. We are trying to find why.

| 3. INFORMATION ABOUT STUDY PARTICIPANTS (SUBJECTS)

Taking part in this study is completely voluntary. You may also leave the study at any time. If you
leave the study before it is finished, there will be no penalty to you, and you will not lose any benefits to
which you are otherwise entitied. *You do not have to be in the study if you don't want to. Your parent
(or guardian) can make sure that this study will be okay for you. Both you and your parent have to
agree to you being in the study, but it is still up to you if you want to do it.

3.1 Who can take part in this study?
Anybody with nephrotic syndrome, or any individual that has been diagnosed with Branchio-oto-
renal (BOR) syndrome, or a congenital or developmental abnormality of the urinary tract, as
determined by a kidney specialist; and any first degree family members (i.e. siblings, parents or
children) of these individuals are eligible to participate in this study. In cases in which the
parents of the affected individual are consanguineous (i.e. they share a blood relationship) more
distantly related family members may be considered eligible for the study. *If your doctor has
tolddyou that your kidneys have NS, BOR or other genetic kidney diseases, you can be in the
study.
Note: It is very important for you to give the researchers accurate and complete information
about your medical history and condition.

3.2 How many people (subjects) are expected to take part in this study?
3,000 subjects are expected to participate, 200 at the University of Michigan and 500 at other
sites around the United States, 2,300 will be from world wide sources.

4. INFORMATION ABOUT STUDY PROCEDURES

4.1 What exactly will be done to me in this study? What kinds of research procedures will |
receive if | agree to take part in this study?

In order to enroll in this study you must review this document with your doctor. If you agree to
be a research subject in this study, your physician will provide information to us about your
previous loss of protein by the kidney and any other relevant medical history and laboratory
results that you may have had done already as a part of your health care to this point. If other
members of yaur family are aéso affectad by the disease, we Kindly ask you 1 nfonm fmam of
our study and we will prowvide you information to give them. Interested eligible famity membsars
can give us parmission 1o contact them by sending a postcard bo us hat we will provide i you

Finally, a bleod sample will b chtainad from a vein in your arm using the same procadures as
for standard biood fesls. The fofal amaunt of Blood collected of an adult will comespand with
spproximately 4 teaspoons (comespanding 20 ml), the tolal amaunt of blood callected of a child
will cormespond with approxmataly 2 teaspoons (comasponding 10 mi). *If you wani to be in the
study a docter or nurse will take some blood fram yaur arm (8 might bui a Btle ], or use a litthe
brush that yau put in your mouth Tor abaut 30 seconds (il will not hurt). The blosd or spit on e
brush is what we will use to do our tests 1o find out why the kidneys keak. That i all you have o
do o help us

Alernatively, we will a3k you to collect cells from Inside of your child's mouth and we will abtain
D& samples from the cells. To collect the cells we have provided you with a small brush
known as a CyloSoft brush, The colleclion takes aboul 30 secands and will nod hurt

In arder to collect good DNA i s best to colkect the cells first thing in the micming belare eating,
drinking. and brushing teeth. It is especially important that no tea, coffes, or soda pop is
consumed before the sample is taken

R Stasdpng Coreenl Tereplats Wermon B-15-00
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Study No.: IRB: 2003-0906 Consent Approved On: 01/21/10 Project Approval Expires On: 01/20/11

*Instructions for collection:
1. Unwrap the mouth swab by peeling at the arrow, and remove brush from packaging.
2. Place the brush in your mouth between your teeth and the inside of your cheek.
3. Run the swab firmly backwards and forwards along your cheek and in between the
cheek and gum. This should be done for 30 seconds. Please time it. It is longer than
you think! There is no need for force, do not brush so hard that you bleed.

4. When you have finished, replace the swab in the package (the used end goes in first).

5. Please send brushes along with any paperwork (for example, completed questionnaire
and/or signed consent forms) in the envelope provided.

6. If you have further questions/clarification, please call the study coordinator.

We will then test your sample on mutations in genes known to cause nephrotic syndrome or
other genetic kidney diseases. If you are known to have kidney disease as determined by your
doctor, a report of the results of genetic testing can be sent to your doctor if you wish. These
results are part of a research study and not part of a certified laboratory testing. All samples
received will be saved indefinitely, unless the participant withdraws from the study. If you do not
have a mutation in a known gene, we will perform further studies to identify new disease
causing genes as part of this research project. This type of research can take years, if you
develop kidney disease after enrolling in the study you are encouraged to inform the
investigators of this change and you would be eligible to receive results of genetic testing if you
desired them.

In case tissue of your kidney has been removed in the course of your disease, we ask you for
permission to obtain a sample from your doctor. Please note that this procedure does not
require any additional involvement of you, if you agree to the analysis of your tissue at the end
of this form.

This research project is designed to identify the causes of nephrotic syndrome, BOR syndrome,
and congenital or developmental abnormality of the urinary tract. The cost of office visits to
local physicians or genetic counselors are not covered by this study; nor are any testing other
than the blood draw for the DNA sample requested by this study.

As new knowledge on the causes of nephrotic syndrome or other genetic kidney diseases
becomes available, new ideas for research projects might arise. Therefore, you will have the
opportunity to let us know at the end of this document, whether or not you agree to let us use
your samples for future related studies. New studies will follow the same strict ethic guidelines
for your protection as this study.

4.2 How much of my time will be needed to take part in this study? When will my participation
in the study be over?
To participate in this study a single visit is required to complete this consent form and to draw
blood. In rare cases (ej;. because of problems with processiniq the sample), a second visit to
dravw an addifional blsod sample might be necessary. This will take approomately one hour
The DA taken from (he blood sample will b2 sbored indefinilely for the evaluation al the genselic
d:ggaea of nephrotic syndrome or ofher genate kidney dseases exclusively as described in this
umeni

4.3 ‘When will my participation in the study be owver?
As stated above {see question 4.2}, the DMA taken from the blood sample will be stored
indefinifely for the esaluation of the genebc causes of nephrolic syndrome or other genslic
kidney dizeages exclesively as descnibed in this docwment. "We will kesp your samples until we
ara gdona studying them.

5. INFORMATION ABOUT RISKS AND BENEFITS

5.1 What risks will | Face by taking part in the study? What will the researchers do to protect me
agalnst these risks?
The known or expected nsks are
« The risks for a routing venous blood draw which inclede dscomion, bruising, faininess or
lightheadadness and very rarely infection
Gomment Subtite: Mitmion gnphrgis ard ligning ol
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Study No.: IRB: 2003-0906 Consent Approved On: 01/21/10 Project Approval Expires On: 01/20/11

e The risk for identifying a genetic cause of disease can include difficulty in obtaining
insurance or increased cost of insurance. However, since insurance companies do not
cover the costs for genetic testing, blood draws for genetic testing or shipping and handling
of the blood for genetic testing in this study they are not entitled to the results of this study.
The investigators will not disclose any findings of this study to anyone other than the
participant's private physician. If desired the researchers will not report any results to the
participant's private physician.

e The risk for learning of a genetic cause of disease may cause the participant emotional
distress which could result in depression or anxiety. We hope to minimize distress caused
by this information as we report only for individuals who are already aware that they have
kidney disease and therefore, this information will only provide a definitive diagnosis for
people who are already known to have kidney disease.

As with any research study, there may be additional risks that are unknown or unexpected.

e The blood draw will be performed in a controlled environment using antiseptic technique.
Your insurability will not be jeopardized by the investigators, as no information from this
study is shared with anyone other than the participant's private physician if so desired.

e Please consider the emotional impact that receiving the results of this study will have for
you. Your participation in this study does not require that the results of the study be
reported to your physician. If you do not understand potential ramifications of learning the
results of this study you are encouraged to discuss these with your local physician, the
investigators or obtain genetic counseling prior signing this consent and enrolling in the
study. This study does not cover the costs of genetic counseling or physician visits to
review or discuss results of this study before or after results become available.

5.2 What happens if | get hurt, become sick, or have other problems as a result of this
research?

The researchers have taken steps to minimize the risks of this study. Even so, you may still
have problems or side effects, even when the researchers are careful to avoid them. Please tell
the researchers listed in Section 10 about any injuries, side effects, or other problems that you
have during this study. You should also tell your regular doctors.
The University of Michigan will provide first aid or emergency care. Additional medical care will
be provided if the University determines that it is responsible to provide such treatment. If you
sign this form, you do not give up your right to seek additional compensation if you are harmed
as a result of being in this study.

5.3 If | take part in this study, can | also participate in other studies?
Being in more than one research study at the same time, or even at different times, may
increase the risks to you. If may also affect the results of the studies. You should not take part
in more than one study without approval from the researchers involved in each study.

5.4 How could | benefit if | take part in this study? How could others benefit?
Yiou may nol receive any personal benefits from Belng in this study. Some peaple find
satisfaction in contributing fo scientific knowledge about gensetic problems and their madical
consequences. Others could benefit m the fufure by improved diagnosbc and therapeutic
proceduras

5.5 Will the researchers tell mae if they learn of new information that could change my
willingness to stay in this study?
Yes, the researchers will tell you if they leam of important new information that may change
your willingness 1o stay in this study. ijl new informiation is provided fo you after you have joined
the study, it s possible that you may be asked fo sign @ new consent form thal incdudes the new
iMormation.

6. OTHER OPTIONS

6.1 If | decide not to take part in this study, what other options do | have?
If yau da mat wanl bo partcipate in this siudy, there will b2 no penalty. In this case, we canmal
r you genatic testng for nephratic syndrome or athar ganetic kidney diseases. Ask your
doctor about ofher oplions you may have
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7. ENDING THE STUDY

7.1 If | want to stop participating in the study, what should | do?
You are free to leave the study at any time. If you leave the study before it is finished, there will
be no penalty to you, and you will not lose any benefits to which you may otherwise be entitled.
If you choose to tell the researchers why you are leaving the study, your reasons for leaving
may be kept as part of the study record. If you decide to leave the study before it is finished,
please notify one of the persons listed in Section 10 “Contact Information” (below). Samples
without identifiers might still be retained for research. When this study ends, samples will be
stripped of information or codes that could identify you and the samples then stored for use in
other studies in an anonymous fashion, or the samples may be properly disposed of.

7.2 Could there be any harm to me if | decide to leave the study before it is finished?
No

7.3 Could the researchers take me out of the study even if | want to continue to participate?
Yes. There are many reasons why the researchers may need to end your participation in the
study. Some examples are:
¥v" The researcher believes that it is not in your best interest to stay in the study.
¥v" You become ineligible to participate.

v" The study is suspended or canceled.

8. FINANCIAL INFORMATION

8.1 Will taking part in this study cost me anything? Will | or my insurance company be billed
for any costs of the study? If so, which costs? What happens if my insurance does not
cover these costs?

There are no costs or billing for this study.

8.2 Will | be paid or given anything for taking part in this study?
No. You will not be paid for taking part in this study.

8.3 Who could profit or financially benefit from the study results?
No person or organization has a financial interest in the outcome of this study.

9. CONFIDENTIALITY OF SUBJECT RECORDS AND AUTHORIZATION TO RELEASE
YOUR PROTECTED HEALTH INFORMATION

The information below describes how your privacy and the confidentiality of your research records will
be protected in this study.

9.1 How will the researchers protect my privacy?
Your Maod sample will be coded and the code list securely slored and sccessibbe anly bo
members of tha investigative taam. If there is a madical raason 1o seak specific information
from you in the future, your dockor will bell you abouwt this, When results ane shared with ofher
seienlisls no names of olbher infarmaton which could be used 1o dentify the paicipant will be
shared

8.2 ‘What information about me could be seen by the researchers or by other people? Why?
Who might see it?

Signing thes form gives the researchers yowr permission fo obiain, use, and shame information
abaut vou for this study, and = required in order for yau 1o takce pard in the sfudy, Information
abaut you may be abtained from any hospital, doctor, and other health care provider involved In
your care, includng:
¢« Hospital'doctor's office records, mchiding test resulis (X-rays, blood {esks, wine {ests, eic )
« Menlal health care records (excepl peychatherapy nates not kept with youwr medical records)
« Alcoholsubstance abuse treatment records
&  Your AIDSIHIY stabus
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* All records relating to your condition, the treatment you have received, and your response to
the treatment
« Billing information

There are many reasons why information about you may be used or seen by the researchers or
others during or after this study. Examples include:
The researchers may need the information to make sure you can take part in the study.
* The researchers may need the information to check your test results or look for side effects.
e University, Food and Drug Administration (FDA), and/or other government officials may
need the information to make sure that the study is done in a safe and proper manner.

e Study sponsors or funders, or safety monitors or committees, may need the information to:
o Make sure the study is done safely and properly
o Learn more about side effects
o Analyze the results of the study
¢ Insurance companies or other organizations may need the information in order to pay your
medical bills or other costs of your participation in the study.
e The researchers may need to use the information to create a databank of information about
your condition or its treatment.
e [nformation about your study participation may be included in your regular UMHS medical
record.
e Federal or State law may require the study team to give information to government
agencies. For example, to prevent harm to you or others, or for public health reasons.

The results of this study could be published in an article, but would not include any information
that would let others know who you are.

9.3 What happens to information about me after the study is over or if | cancel my permission?
As a rule, the researchers will not continue to use or disclose information about you, but will
keep it secure until it is destroyed. Sometimes, it may be necessary for information about you to
continue to be used or disclosed, even after you have canceled your permission or the study is
over Examples of reasons for this include:
To avoid losing study results that have already included your information

e To provide limited information for research, education, or other activities (This information
would not include your name, social security number, or anything else that could let others
know who you are.)

e To heI;IJ University and government officials make sure that the study was conducted
properly

As long as your information is kept within the University of Michigan Health System, it is
protected by the Health System'’s privacy policies. For more information about these policies,
ask for a cop¥lof the University of Michigan Notice of Privacy Practices. This information is also

available on the wab at htip:dwaww med umich.aduhipaanpp.htm. Nobe that once your
irfarmation has been shared with aofbers as described under Cuoestion 8.2, it may nd lenger ba

profectad by the privacy regulations of the lederal Heallh Insurance Portability and
Accountabilty Act of 1 IHIPAA)

9.4 When does my permission expire?
¥our parmmssion expires at the end of the study, unless you cancal it sconer. You may cancal
your permission at any timea by woiing to the researchers listed in Saction 10 “"Coniact
Inforriation” [below)

10. CONTACT INFORMATION

10,1 Who can | contact about this study?
Plaage conlac] e resaancherg listed balow bo
= DObilain more information about the sbudy
= Ask @ question about the study procedures or treatmsants
« Repor an ilness, inpury, or oiber problem (you may alsa need io bell your regular daciors)

Capresem Subfite Wigaiion geafvess ang cloning of
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= Leave the study before it is finished
= Express a concermn about the study

Principal Investigator: Friedhelm Hildabrandgt, MO
University of Michigan hMadical Centar

Die menl of Pediarics and Communicable Diseases
1150 W. Medical Center Drive

MSRE I, Room 82200

Ann Arbor, M 48105-5646

e-mail mutation algenas.o

Study Coordinator

University af Michigan Medical Center
Departmeant of Pediatrics and Communicakle Disesses
1150 W, Medical Center Drive

MERE I, Boorm 8220

Ann Arpar, Ml 88108-5646

e-mal: mutationifranalgenas org

You rmay also exprass a concern about a study by contacting the Instibutional Review Board listed
below, or by caling the University of Michigan Compliance Help Line at 1-888-285-2481

L.lnruar;.ut'_.' af Michigan Medical School Instiutonal Feweew Board (IRBMED)
us

‘E!-tﬁ W, William

Ann Arbar, Ml 43103-4943

Talephone: 734-TH3-4T68

Fax: 734-815-1622

E-rmad: irbmeadiBumich.edu

i you are concamed about a possible violation of your privacy, contact the Unieersity of Michigan
Hezalth Sysbem Privacy Oficer at 1-688-206-2481,

Whan yow call or wnfa abowf & concam, plaaza provida 85 much infarmation as possiia, including fhe
rarme of the rpsearcher, e IRBMED numbier (al e top of this fom), and dalais about e prodiem,
Thiz wil halg Universty officials fo look info your concem. When reporting & concem, oo do aof ave
o give your name unksss pow wanl fio.

111 What documants will be given to ma?
Your signatura in the naxt saction means that you have received copies of all of the folowing

= This "Consent to b= Part of & Research Study” docurnent. (Wata. b adaibion fo the copy pou
recaive, copies of this documant will be stared in a sepavale confidential research fils and
may be antared nfo pow regatar University of Michigan madical recond )
= Other (gpecly)
“The fallowing showld be completed by the sy member conduciimg the essem process. ff the ohlld agrees fe de Dn tee
stady, cligrd ol dhar appirs
The child i= copable of reading and undersinnding the assert form ard has signed below ns

mrlabion of assent o take part in this study.
The child 15 mot capable of resding the assent form, but the informsation was verbally explained 1o

‘her. The child signed below ns umentation of sssem to take part in this study,

The child had ample opportunity to have his or her gouestions answened.
1 have read thie farw o someane fae road IF be me. 5 20 nar imaolerssand soome i, §asked the shacfor or the assisiomt &
prpaoie i oo, mbwonr ok Ay e foe o e cassody? @ gevestion piont fe aipee 307 obov 7 poeelerstiong s e

Consent Butdide: Muluon analeiis 9ra Signing i
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12. SIGNATURES |

Research Subject:

1 understand the information printed on this form. [ have discussed this studly, its risks and potential benefits, and
my other choices with . My questions so far have been answered. |
understand that if I have more questions or concerns about the study or my participation as a research subject, [
may contact one of the people listed in Section 10 (above). I understand that [ will receive a copy of this form at
the time I sign it and later upon request. I understand that if my ability to consent for myself changes, either I or
my legal representative may be asked to re-consent prior to my continued participation in this study.

Signature of Subject: Date:

Name (Print legal name):

Patient ID: Date of Birth:
If a result is obtained by the research:

Yes, | want to know the result (Please initial)
No, | do NOT want to know the result (Please initial)

Kidney Tissue:
Yes, kidney tissue has been obtained in the course of my disease and | agree that that tissue is used

for further investigations. Ol (Please initial)
No, | do NOT want my tissue samples to be used in the course of this project.
(Please initial)

Future Specimen Use:
Yes, | agree to have my samples used in future related research projects on nephrotic syndrome or

other genetic kidney diseases. ] (Please initial)
No, | do NOT want to have my samples used in future related research projects on nephrotic syndrome
or other genetic kidney diseases. ] (Please initial)

Legal Representative (if applicable):
Signature of Person Legally

Authorized to Give Consent: Date:
Name (Print legal name): Phone:
Address:

Check Relationship to Subject:
[CParent [ [Spouse [_|Child [_]Sibling [ ]Legal Guardian [_]Other:

If this consent is for a child who is a ward of the state (for example a foster child), please tell the study team

immediately. The researchers may need to contact the IRBMED.
Reason subject is unable to sign for self:

Frincipal Imvestigator (or Designee):

F g e T e fr mirbieer fow fls Ther .'|'J,:|.'.l|f| CFAETE PO ERRHATIE, |.".;|_|'.llll|'.l:w|l.‘\.|||'. i o Jrhany
tivix sy dear §helieve ds aocunmie avd compiete. Tl sulect fas indicated thet Bie or she iedersionds e aature
oof W bl comod Pl risiex cann’ henedine of porficipoling,

Mame: Tutke:

Signamire; Crate of Signanane

Witness (optianal |z
I ofrerved the above sabyect for firder fegally amtienzed represewiative. § aprlicabled sign iy comreal
T

Mame: Tuthe:
| Signabare; Crate of Signatare:;
hE Srasdard Corsanl Tareplats Yeson 801 507 oy gu:":. Muson matn e sy Gl
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MICHIGAN UNIVERSITESI
BILIMSEL ARASTIRMAYA KATILIM IZNI

BU FORM HAKKINDA BILGI

Bir bilimsel arastirmada yer almaya uygun olabilirsiniz. Bu form size calisma hakkinda onemli bilgiler
vermektedir. Bu form calismanin amacini, calismaya katilimin tehlike ve muhtemel yararlarini
tanimlamaktadir.

Lutfen bu bilgiyi dikkatlice incelemek icin zaman ayirin. Bitirdikten sonra calisma hakkinda
arastirmacilarla konusmaniz ve sorularinizi sormaniz gerekmektedir. Bu calismaya katiliminiz hakkinda
digerleriyle de (ornegin arkadaslariniz, aileniz ya da diger doktorlar) konusabilirsiniz. Eger bu
calismada yer almaya karar verirseni, sizden bu formu imzalamaniz istenecek. Bu formu imzalamadan
once calismanin ne hakkinda oldugunu, tehlikeleri ve size olasi yararlari anladiginizdan emin olun.

1. BU CALISMA VE ARASTIRICILAR HAKKINDA GENEL BILGI

1.1 Calismanin adi:
Glomeruler hastaligin neden oldugu nefrotk sendrom, proteinuri ve bobrek yetmezliginin yeni genlerinin

klonlanmasi

1.2 Calismanin sponsoru olan sirket ya da acenta:
NIH (National Institutes of Health) (Ulusal Saglik Enstitusu)

1.3 Calismayi yuruten arastiricilarin adlari ve dereceleri:

Friedhelm Hildebrandt, MD
Roger Wiggins, MD

Innis, Jeffrey, MD

Otto, Edgar, PhD

Airik, Rannar, PhD

Allen, Susan, MS

Ashraf, Shazia, MS

Chaib, Hassan, PhD
Chaki, Moumita, PhD
Chernin, Gil, MD

Ghosh, Amiya, PhD
Harville, Heather, BS
Heeringa, Saskia, MD
Held, Susanne, BS
Hinkes, Bernward, MD
Hurd, Toby, PhD

Janssen, Sabine, BS
O’'Toole, John, MD

Ovunc, Bugsu, MD
Natarajan, Sivakumar, MS
Ramaswami, Gokul, BS
Saisawat, Pawaree, MD
Schoeb, Dominik, BS
Vega-Warner, Virginia, PhD
Vlangos, Christopher, PhD
Zhou, Weibin, PhD

IRBMED Consent Template Version: 6-19-03-a
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Esas Arastirici

Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimgi Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
Yardimci Arastirici
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2. CALISMANIN AMACI

2.1 Calisma amaci:
Nefrotik sendrom (NS) en yaygin bobrek hastaliklarindan birisidir. Bu calismanin amaci nefrotik
sendroma neden olabilecek genlerin tanimlanmasidir.

3. CALISMAYA KATILANLAR (DENEK) HAKKINDA BILGI

Bu calismada yer almak tamamen gonullu olmayi gerektirir. Istemiyorsaniz katilmak zorunda
degilsiniz.. Ayrica calismadan istediginiz zaman ayrilabilirsiniz. Eger calisma bitiriimeden once
ayrilirsaniz, size ceza herhangi bir ceza uygulanmayacaktir ve daha once sahip oldugunuz haklari da
kaybetmeyeceksiniz.

3.1 Calismaya kimler katilabilir?

Bir nefrolog tarafindan saptanmis nefrotik sendromlu herhangi bir kisi ve bu bireylerin birinci derece
yakinlari (ornegin kardesleri, cocuklari ya da ebeveynleri) bu calismaya katilmaya uygundur. Hasta
bireylerin anne ve babasi arasinda uzak akrabalik varliginda (eger bunlar arasinda kan bagi varsa) bu
bireyler calisma icin uygun olarak degerlendirilebilir.

Not: arastiricilara tibbi gecmisiniz ve durumunuzla ilgili tam ve dogru bilgi vermeniz cok onemlidir

3.2 Bu calismaya katilmasi beklenen kisi sayisi nedir?
Bu calisma icin yaklasik 2500 birey katilacaktir.

4. CALISMA PROSEDURLERI HAKKINDA BILGI

4.1 Bu calismada bana tam olarak ne yapilacak? Eger bu calismaya katilmaya karar
verirsem ne tip arastirma prosedurleri uygulanacak?

Bu calismaya katilmak icin bu belgeyi doktorunuzla gozden gecirmeniz gerekmektedir. Eger bu
calismada denek olmaya karar verirseniz, doktorunuz bize bobreginizden protein kaybi ve daha once
yaptirmis oldugunuz laboratuvar testlerinin sonuclarindan bu calisma icin uygun olanlari hakkinda bilgi
verecektir. Eger ailenizin diger bireylerinde de ayni hastalik varsa, calismamizdan onlara da
bahsetmenizi rica ediyoruz, biz size onlara vermeniz icin gerekli bilgiyi saglayacagiz. ligilenen uygun
aile bireyleri size verecegimiz bir posta kartini bize gondererek onlarla irtibat kurmamiz icin izin
verebilirler.

Son olarak standart kan testleri icin alindigi gibi ayni sekilde kolunuzun toplar damarindan kan ornegi
alinacaktir. Alinacak toplam kan ornegi bir yetiskinden yaklasik 4 cay kasigi (20 ml), bir cocuktan 2 cay
kasigi (10 ml) kadar olacaktir.

Daha sonra alinan ornegi nefrotik sendroma neden oldugu bilinen genlerdeki mutasyonlar acisindan
arastiracagiz. Eger doktorunuzun belirledigi bir bobrek hastaliginiz varsa, nefrotik sendrom icin yapilan
genetik testlerin sonuclarinin raporu isterseniz doktorunuza gonderilebilir. Sonuclar calismanin bir
parcasidir, onaylanmis laboratuvar testinin degil. Sonuclar baska yonlerden saglikli olan katilimcilara
gonderilemez. Alinan tum ornekler, katilimci calismadan ayrilmadikca saklanacaktir. Eger sizde bilinen
genlerden birinde mutasyon yoksa, bu projenin bir parcasi olarak hastaliga neden olan yeni genlerin
tanimlanmasi icin daha ileri calismalar yapacagiz. Bu tip arastirma yillarca surebilir, eger siz bu
calismaya katildiktan sonra bobrek hastaligi ortaya cikarsa bu gelismeden arastiricilari bilgilendirmeniz
istenir ve eger isterseniz genetik testlerinizin sonuclarini almaya uygun olabilirsiniz.

IRBMED Consent Template Version: 6-19-03-a
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Hastaliginizin seyri sirasinda bobrekleriniz alinirsa, doktorunuzdan ornek almak icin sizden izin isteriz.
Bu arastirma projesi nefrotik sendromun nedenlerini tanimlamak icin tasarlanmistir. Rutin doktor
kontrolleriniz ve herhangi bir laboratuvar tetkikinizin bedeli bu calisma tarafindan finanse edilmez.
Nefrotik sendromun nedenlerine dair yeni bilgiler oldugundan arastirma projesinde yeni fikirler ortaya
cikabilir. Bu nedenle ileride ilgili calismalar icin orneklerinizi kullanip kullanmama hakkinda fikrinizi bu
belgenin sonunda bize iletme sansiniz olacaktir. Yeni calismalar bu calismada oldugu gibi ayni kesin
etik kurallari takip edecektir.

4.2 Bu calismaya katilmam icin zamanimin ne kadari gerekecek? Calismada katilimim
ne zaman sonlanacak

Bu calismaya katilimda bu riza formunu doldurmak ve kan vermek icin tek bir ziyaret istenmektedir.
Nadir durumlarda (ornegin alinan ornegin ilsem asamasinda sorun gibi) ilave kan ornegi almak icin
ikinci bir vizit gerekebilir. Bu yaklasik 1 saat alacaktir. Kan orneginden elde edilen DNA nefrotik
sendromun genetik nedenlerinin degerlendirilmesi icin ancak ozel kisilere acik olacak ve isim
belirtiimeyecek sekilde saklanacaktir.

5. TEHLIKE VE YARARLAR HAKKINDA BILGI

5.1 Bu calismada yer alirsam hangi tehlikelerle karsilasacagim? Bu tehlikelere karsi
beni korumak icin arastiricilar ne yapacaklar?

Bilinen ya da beklenen tehlikeler:

Rutin venoz kan alinmasi sirasinda gorulebilecek olaylar; rahatsizlik, agri, bayginlik ya da sersemlik
dahil.

Hastaligin genetik bir nedeninin tanimlanmasi sigorta edilmeyi guclestirebilir ya da sigorta bedelini
arttirabilir. Bununla beraber sigorta sirketleri genetik testleri, genetik test icin kan alinmasini ya da kanin
gonderilmesini karsilamadiklari icin bu calismanin sonuclarina da yetkili degiller. Arastiricilar bu
calismanin hicbir sonucunu katilimcinin ozel doktoru haric aciga vurmayacaklardir. Eger katilimci
tarafindanilstenirse, arastiricilar katilimcinin ozel doktoruna da sonuclari bildirmeyecektir.

Hastaligin genetik nedenini ogrenmek katilimcinin ruhsal durumunu bozup anksiyete ve ya depresyona
neden olabilir. Sadece bobrek hastaligi oldugunu bilen bireylere rapor ederek bu bilginin neden olacagi
sikintinin azaltilabilecegini umuyoruz, bu nedenle bu bilgi sadece kendinde bir bobrek hastaligi
oldugunu bilen kisiler icin kesin tani saglayacaktir.

Herhangi bir arastirmada olabilecegi gibi bilinmeyen ya da beklenmeyen ilave tehlikeler olabilir. Kan,
antiseptik teknik kullanilarak kontrollu bir cevrede alinacaktir. Bu calismadan elde edilecek hicbir bilgi
katilimcinin ozel doktorundan baska herhangi biriyle paylasilmayacaktir.

Lutfen bu calismanin sonuclarini almanin sizde olusturacagi duygusal etkiyi goz onunde bulundurun.
Bu calismaya katiliminiz sonuclarin doktorunuza bildiriimesini gerektirmez. Eger bu calismanin
sonuclarini ogrenmenin potansiyel ayrintilarini anlamazsaniz, bu formu imzalamadan ve calismaya
katilmadan once bunlari kendi doktorunuzla, bu calismanin arastiricilariyla ya da genetik danisma
aldiginiz kisilerle tartismanizi oneririz. Bu calisma genetik danisma maliyetlerini ya da sonuclari
tartismak veya gozden gecirmek icin doktor vizite ucretlerini karsilamamaktadir.

5.2 Bu calismanin sonucunda yaralanirsam, hasta olursam ya da diger problemlerim
olursa ne olacak?

Arastiricilar bilinen ya da beklenen riskleri azaltmak icin gerekli tedbirleri almistir. Bununla beraber
sorun ya da yan etkilerle yine de karsilasabilirsiniz. Eger zarar gormus oldugunuza inanirsaniz, bu
formun 10.bolumunde listelenen arastiricilari haberdar edin. Michigan Universitesi ilk yardim ya da acil
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servis hizmeti saglayacaktir. Bu ilk yardim ya da acil servis hizmetinin bedeli sigorta sirketinize fatura
edilebilir, fakat eger bu sizin sigorta sirketiniz tarafindan karsilanmazsa, Michigan Universitesi
odeyecektir. Eger universite ilave tibbi tedavi gerekliligini saptarsa bu da saglanacaktir. Bu formu
imzalamakla, bu calismada olmanin bir sonucu olarak zarar gorurseniz tazminat hakkinizi aramanizdan
feragat etmis olmazsiniz.

Lutfen dikkat: Bu calismada karsilasacaginiz yaralanma, yan etki ya da diger problemleri arastiricilara
bildirmeniz onemlidir. Bununla birlikte kendi ozel doktorunuza da bildirebilirsiniz.

5.3 Bu calismada yer alirsam baska calismalara da katilabilir miyim?
Evet

5.4 Bu calismada yer alirsam bundan ne cikarim olabilir? Baskalarinin nasil
faydalanabilir?

Bu calismada olmanizdan kisisel bir yarar saglayacaginiza soz veremeyiz, her nekadar bazi insanlar
genetik sorunlar ve bunlarin tibbi sonuclari hakkinda bilimsel bilgiye katkiyi tatminkar bulsa da. Diger
insanlar gelecekte daha iyi tanisal ve tedavi edici prosedurlerden yararlanabilir.

5.5 Arastiricilar eger bu calismada kalip kalmama fikrimi degistirebilecek yeni bir bilgi
ogrenirse bana bildirecek mi?

Evet, arastiricilar eger bu calismada kalma fikrinizi degistirebilecek yeni birsey ogrenirlerse size
bildireceklerdir. Eger yeni bilgi siz calismaya katildiktan sonra elde edilirse, yeni bilgiyi iceren yeni bir
riza formunu imzalamaniz istenebilir.

6. DIGER SECENEKLER

6.1 Eger bu calismada yer almamaya karar verirsem, diger seceneklerim nedir?
Eger bu calismaya katilmayi istemezseniz, size nefrotik sendrom icin genetik test yapmayi teklif
edemeyiz.

7. CALISMANIN SONLANDIRILMASI

7.1 Eger calismaya katilimimi sonlandirmayi istersem ne yapmam gerekiyor?

Calismadan istediginiz zamanda ayrilmakta serbestsiniz. Eger calisma bitmeden ayrilirsaniz, size
herhangi bir ceza uygulanmayacaktir ve daha once sahip oldugunuz haklarinizi da kaybetmeyeceksiniz.
Eger arastiricilara calismadan neden ayrildiginizi anlatmayi secerseniz, calismadan ayrilma sebepleriniz
calisma kaydi olarak saklanabilir. Eger calisma sonlanmadan ayrilmaya karar verirseniz, 10.bolumde
siralanan kisilerden birini lutfen haberdar edin. Cunlu bu ornekler arastirma icin kullanilmaya devam
edilebilir. Bu calisma bittiginide, ornekler uzerindesizi tanitacak bilgi ya da kod numaralari cikarilacak
ve isimsiz sekilde baska calismalarda kullanilmak uzere saklanacaktir.

7.2 Eger calisma bitmeden ayrilmaya karar verirsem bunun bana zarari olabilir mi
Hayir

7.3 Arastiricilar ben calismaya katilimimin devamini istesem bile beni calismadan
cikarabilirler mi
Evet. Arastiricilarin sizi calismadan cikarmalari icin bircok neden olabilir. Birkac ornek:

Katilima devam icin uygunsuz duruma gelmeniz.
Calismanin askiya alinmasi ya da iptali.
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8. FINANSAL BILGI

8.1 Bu calismada yer almamin bana herhangi bir maliyeti olacak mi? Bana ya da
sigorta sirketime calismani herhangi bir masrafi fature edilecek mi? Eger edilecekse
hangi masraflar? Eger sigortam bu masraflari karsilamazsa ne olur?

Hayir. Kan alimi, arastiricilar tarafindan istenilen laboratuar testleri ya da orneklerin gonderilmesi
masraflari icin herhangi bir ucret katilimciya ya da katilimcinin sigorta sirketine fatura edilmez, bu
hatadir ve bu masraflari karsilayacak arastiricilarin dikkatine getiriimesi gerekir. Bununla beraber,
arastirmanin sonucu ile genetik danisma, arastiricilar ve Michigan Universitesi tarafindan karsilanmaz.

8.2 Bu calismada yer almak icin herhangi birsey verecek miyim ya da bana birsey
odenecek mi?
Hayir

8.3 Bu calismanin sonucundan kim kar saglayacak ya da maddi yarar elde edecek?
Calismayi yoneten arastiricilar mi? Hayir.

Michigan Universitesi mi? Hayir.

9. KAYITLARIN GIZLILIGI VE GIZLI SAGLIK BILGILERINIZIN ACIGA CIKARILMASINA
YETKI

Michigan Universitesi politikasi size ait gizli bilginin korunmasini gerektirir. Bu ozellile kisisel saglik
bilgileriniz icin dogrudur.

Diger taraftan, bazen kanunlar bilgilerinizi baskalarinin gormesine musade eder ya da ister. Asagida
verilen bilgi, bu calismada kayitlarinizin gizliliginin nasil korunacagini anlatmaktadir.

9.1 Arastiricilar mahremiyeti nasil koruyacak?

Kan ornekleriniz kodlanacak ve kod listesi guvenli bir sekilde saklanacak ve sadece arastiricilarin
girisine musait olacaktir. Eger gelecekte sizden ozel bir bilgiye ulamsak icin tibbi bir gereklilik olursa,
doktorunuz bize bunu ifade edecektir. Sonuclar diger bilim adamlariyle paylasildigi zaman, sizi
tanitabilecek hicbir isim ya da diger bilgi kullaniimayacaktir.

9.2 Benim hakkimda hangi bilgi arastiricilar ya da diger insanlar tarafindan gorulebilir?
Kim gorebilir?

Bu formu imzalayarak arastiricilara bu calisma icin sizin hakkinizdaki bilgileri elde etme, kullanma ve
paylasma icin izin veriyorsunuz. Bu calismada yer almaniz icin bu formu imzalamaniz istenmektedir.
Hakkinizdaki bilgi size saglik hizmeti vermis herhangi bir hastane, doktordan elde edilebilir.

Sizin hakkinizdaki bilgiler icerisinde calisma oncesi, sirasi ve sonrasindaki saglik durumunuz ve tibbi
bakiminiz olabilir. Ornegin:

Hastane ve doktor kayitlari, test sonuclari dahil (X-ray, kan ve idrar testleri gibi)
Mental saglik kayitlari (psikoterapi notlari haric)

Alkol/madde bagimlilik tedavi notlari

AIDS/HIV durumu

Durumunuzla ilgili tum kayitlar ve aldiginiz tedaviler ile tedaviye cevabiniz
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Bilgilerinizin arastiricilar tarafindan neden kullanilabilecegi ya da gorulebilecegine iliksin bircok neden
var. Ornegin:

e Arastiricilar bu calismaya uygun oldugunuzdan emin olabilmek icin bilgiye gereksinim
duyabilirler.

o Arastiricilar test sonuclarinizi kontrol etmek ya da yan etkileri arastirmak icin bilgiye
gereksinim duyabilirler.

e Universite ya da hukumet yetkilileri calismanin dogru yapildigindan emin olmak icin bilgiye
gereksinim duyabilirler.

e (Calismanin sponsorlari calismanin dogru yapildigindan emin olmak icin bilgiye gereksinim
duyabilirler.

e Bazi komiteler calismanin guvenli oldugundan emin olmak icin bilgiye gereksinim duyabilirle.

e Arastiricilar durumunuz ya da tedavi hakkinda bilgi bankasi olusturmak icin bilgiye
gereksinim duyabilirler.

Bu calismanin sonuclari bir makale seklinde yayinlanabilir ancak sizin kim oldugunuzu baskalarinin
bilmesine olanak taniyacak bilgi icermeyecekfir.

8.3 Calisma bittikten sonra ya da iznimi iptal edersem hakkimdaki bilgiler ne olacak?
Kural olarak, arastincilar hakkinizdaki bigiler kullanmaya devam edemeyecakler ancal yoi edilens dek
plzll tutacakiardir. Bazen hakkinizdaki bilgierin kuBanilmaya devam ediimesl, caliema bitse weya izninci
iptal etaeniz e, gerekl olabilir. Bunun ormekien

& Hizn bgilerinizi de iceren calisma someclamin kaybolmasini onlemek icin

= Arastima, egitim ya da diger sktreiteler icin sinidi kdgi saglamak icn [ Bu bilgi adinzi ya da sizin
hakkinizds baska DIT&E":" IDIE!"I"I'I'E":.'E"EEHEIT:I

&  LUnsversite ve hukumat yatkilileninin calsmanin dogru yapikdigina emin ofmalarina yardimai almak
igsin

Bilgileriniz Michigan Universitesi Saglik Sistemi icinde oldugu sweece, universibenin politlkasi gensgnoe
karuma altinda clacaklir. Bu polilikalar hakkinda daha fazla bilgi edinmek icin

hittp: twosew. med urnich. edwhipaad npo m nferned sfesini Syaret edebilirsiniz. Bilglerinizin 9.2, sonuda
tanimlandigi sakilde baskalarinca paylasikiiginda, whiversilenin mahremiyel polfikalarinca daha fazia
karunamayabilecegni bliniz

9.4 Iznim ne zaman sona erer?
Izniniz, siz daha once iptal etmediginiz surece calismanin sonunda biter. Izninizi herhangi bir zamanda
10.bolumde belirtilen kisilere yazili olarak bildirerek iptal edebilirsiniz.

10. IRTIBAT

10.1 Bu calisma hakkinda kiminle irtibat kurabilirim?
Asagida belirtilen tum arastiricilarla sunlar icin irtibat kurabilirsiniz:
e Calisma hakkinda daha fazla bilgi almak
e Calisma metodlari ya da tedaviler hakkinda soru sormak
« Bir hastalik ya da diger problemleri bildirmek (bunu ayrica kendi ozel doktorunuza da bildirmeniz
gerekebilir)
Calisma bitmeden calismadan ayrilmak
Calisma hakkinda duydugunuz bir endiseyi bildirmek
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Tamad Arastirici: Friadheim Hidabrandgi, MD
Posta Adres: University of Michigan Medical Cantar

Dapartmant of Pediabics and Communicable Dissases
1150'W. Madical Center Driva
MSRE I, Room 82200
Annm Arbor, NI 48109-5848, LISA
e-posia mulalionirenalgenas ong

Calismanin koordinaton: Study Coordnator
Posta Adresi: Universiy of Michigan Medical Cenber
Deparirment of Pedialncs and Communicable Digaases
1150 W. Medical Center Drive
MSREB I, Room 8240
Anm Arbor, Ml 48108-5845, USA
&-pirsta fulatio 113 a3 .0

Ayrica callema hakkindakl endiselerinizi asagida bidirilen yere irtibat kurarak ya da (388-265-2481)
numarali telefonla arayarak bldirebiirsiniz.

Univarssty of Michigan Medical School Institutional Review Board (IREMED)
Argus |

517 W William

Ann Arbor, Bl 481034543

Telaphona: 734-T63-4768

Fax: 734-615-1622

g-postas irhmed@emich edy

Eger mahremiyetinizin ihlal edildiging dair bir endiseniz olursa Michigan Universitesi Saglik Sisterni
yatkilisiyle (B88-206-7481) numarali telefonla irtibat kurunuz

Aradiginizda ya da yazil olarak endisenizi bildicdiginizde, arastiricinin adi, IRBMED numarasi (bu
foermun ustundeki numara), ve probleminizin detaylari dahil olmak uzere mumkun okiugunca detayh
bilgi veriniz. Bu kilgiler universite yelkillering soununuezy sorusturmada yardime olacaklir, Bir
endisayi iletidcen, lamadikoe adniz bildirmek sorunda degisinz.

11. VERILEN BILGININ KAYDI

11.1 Bana hangi belgeler verilecek?
Bir sonraki bolumdeki imzanizin asagidaki belgelerin tumunun birer kopyasini aldiginiz anlamina
gelmektedir:

« Bilimsel arastirmaya katilim rizasi (bu form). (Not: Aldiginiz kopyaya ilave olarak bu belgenin
kopyalari ayri ve gizli bir arastirma dosyasinda saklanacaktir.)
o Diger:
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12. IMZALAR
Katilimci
Bu form uzerinde yazili olan bilgileri anladim. Bu calismanin detaylarini, risklerini ve potansiyel faydalari
ile baska seceneklerimi ile tartistim Simdiye kadar olan tum sorumlarim

cevaplandi. Calismaya katilimim hakkinda daha baska soru ya da merakim olursa 10.bolumde
siralanan kisilerle temas kurabilecegimi biliyorum. Bu formun bir kopyasinin bana imzaladigim anda ya
da istedigim herhangi bir zamanda verilecegini biliyorum. Kendim icin karar verebilme yetisinde bir
degisiklik olursa ya benden veya yasal temsilcilerimden bu calismaya katilimimin devamindan once
tekrar izin alinacagini biliyorum ve anladim.

Katilimecinin imzasi: Tarih:

Ad-Soyad:

Eger calismada birsey bulunursa

Evet, sonucu bilmek istiyorum | (Paraf)
Hayir, sonucu bilmek ISTEMIYORUM ] (Paraf)
Bobrek dokusu:
[] Evet, bobrek biyopsisi hastaligimin seyri sirasinda alinmisti ve bu dokunun ileri arastirmalar icin
kullanilmasina izin veriyorum. (Paraf)
[] Hayir, doku orneklerimin bu projede kullanilmasini istemiyorum. (Paraf)

lleride kullanma:
[] Evet, orneklerimin ileride nefrotik sendrom uzerine yapilacak diger calismalarda kullanilmasina.

izin veriyorum. (Paraf)
] Hayir, orneklerimin ileride nefrotik sendrom uzerine yapilacak diger calismalarda kullanilmasina

izin vermiyorum. (Paraf)
Yasal Temsilci (varsa):
Yasal temsilcinin imzasi: Tarih:
Ad-Soyad: Tel:

Adres:
Katilimci ile iliksisi (uygun olani isaretleyiniz):
Ebeveyn Es Cocuk Kardes Diger:

Arastirici:
Bu arastirma hakkinda katilimciya (varsa yasal temsilcisine) dogrulugu hakkinda bilgi verilmistir.
Katilimci calismanin icerigi ile katiliminin risk ve yararlari hakkinda bilgilendirildigini belirtmistir.

Ad-Soyad: Unvan:

Imza: Tarih:

Sabhit (varsa):
Yukarida adi gecen katilimcinin (ya da yasal temsilcisinin) bu riza formunu imzaladigina sahidim.

Ad-Soyad:

Imza: Tarih:
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Intraduction

Comperital Nephrotic Syndrome

Comgenital nephratic syndrame (CHE) is defined as
pecphirotic syndrome mandfesting by the 90th day of life,
CHEal the Finnish type (CNEF; MM Mo, 256300 i3 2 re-
cessively inherited disorder first described in highly in-
bred Finnish communmnities [, 2. CHF is characterized by
assive |1m1=|11um at hirth. a Inr@e ph:enm:. arid marked
ederna cccurring within the first 3 months of life [1, 3-5],
Benal histalogy shows mesengial hypercellularity and
matrix expansion thal progresses with age towards com-
plete mesangial sclerosis and capillary abliteration |2]. Ir-
regalar microcystic dilatation of the proximal tabules i
thse mnost 1y pical histolophc feature, et s not observed in
all cawes [6-8]. Ultrastructural analysis af the glomerular
capillary boops show complete foot process effscement
ardl swelling of endothelial cells [9). The course of the
disease {5 progressive, lesding to end-stage renal disease
by 3-3 years of age.

NPHSI

By positiomal cloning, CHF was shown to be cawsed
by ratations in NEHST [10]. The Fing, g, mutatien {nt-
L2, LATEED) divd Fif o, mistation (3325 C =T,
RIS ) in the NPHS) gerne were the first mulations (o be
discovered and the most prevalent mutations of CHEF in
the Finnish popalation [98% of cazes) [10]. However.
theese mutations are &lso foand in other ethnle groups [10,
12]. Screening for NPHED mimations in patients of non-
Finnmish origin has shown that the freguency of 8PHS!
mutatians is kewer than that in Finnish patients, account-
ing, far 59-50% of non-Finnish cases with CRS [135, 14].
O the oiher hand, rare cases with a manifestation be-
yiomd the age of 90 days have also b published. indicat-
ing that different mutations in NPHS] might cause a
spectrum of clinical severity [15, 16]. To date, 173 differ-
ent mutations in NPHE! have been described (hitepely
woww binhase-international.com),

e atriking finding ansong patkents with M5 has
been the detectson af mutations in the NPHS2 gene. en-
coding podocin, which has been implicated in earhy-onset
sternid-resistamt nephrotic syndrome [17). MPHSY was
shirwn b e mutated in almost 5066 of cases with CRNS whis
are of European origin [13]. In addition 1o the mmations
in the MPHSD and XPHE2 penes, further genetic helenoge-
reity has been demonstrated in CHS cses PLCETN and
WTY cawse CNS and diffuse rn.:u.nﬂ,'u'l sclernsis [[N5)
[1a=21]. Mutatiens of LAME? cause Plerson synedroms, as
apart of a syidroamic entity [22] with mephratic synd romse

ol Mephnm Clin Pract 1001 21500130 -c 18

89

and mrocori, or a8 isalated nephrotic syndrome [23,
24|. Mirochondrapathies in which the coeneyme QLD bia-
synithesis pathnway is disropted may caose maonagenic CRS
along with reuromuscular symiptams &s in mutations of

the GO0 [25], OO [36] and PGS genes [27],

Meplrin

MPHE! codes for the nephrin prodein, an essential
companEnt of the Int:rp-ud-ucﬁbmmnlng slis dia-
phragm [28], Mephirin s & transmembrane protein of the
Ig superfamily characterized by cight C2-type 1g-like da-
mains and a fibranectin type 111-like module in the ex-
tracellular region, a single transmembrane domain and a
cytasalic C-terminal end [10], Mutations in NPHED lead
o disruption of the filtration barrber and casse massive
protein boss. Mephrin plays a dgnificant robe in signaling
between podocytes by interacting with CD2AP and
podocin (29, 5.

Mt hods

Panicad dmd Ddta Ascertdinmmail

Within a worklwide cohort of children with nephrotic syn-
dreree pefersed o ws sisce May 2008 for sestational analysis, we
mebected all the patients who had nephorotic syndirome onset with-
in thee Tirar S0 dags af life. These were a total of 25 paticats feom
12 families

Patients with mutatioss in the other genes known o canse
CNS were exchaded from the siudy. The Frequency of mutations,
clingcal sgns, resal and excra-renal sgges, and che results of the
renal icpey make up the basis for the choice of penes jo by tested,
First, we perfiormsed mutation knalysis for NPHE2 and WTT for all
15 palivrs since §hse ane the mest Freaquent monogenic s auses of
childboasd F% [13]. One pulml: LAXIIR D110 was fournd oo have

a homorypous mutation in NPHEY pgene Ex2: ¢, 3583 C=T [H)
-i|:r PII3LY [30] amed another patient LA 1510 was revealed o
Farve o moverl histeroe ygous magga biem in WTT gene Exf; o 10007 G,
1h} (pR3IBEH]. These twe patkents were excluded from the cohort.
Adklitiemally, scrvening for all 3 exces of PLOET was performed
in 2 patlests (A3205 -] amd AI36R0 D113 with CNS Becamse they
rovealid remal histodogy of THS [14, 19], Hewever, none of these
jpatiznts hied a mutation inthe PLCEF gene. There were no addi-
Biosnal sigoes fr et hew CHE causing gerses bisbe lestsd imorar cohaor;
therefore. we performed mvmation analysis for NEHST for the re-
mamning 1 patwnis with CNS [rom 20 fmilies,

Human subject research was approved by the University of
Michigan Iestitmtional Reviews Boand and the Frhice Commis-
shom of the University of Frelburg, Germany, The diagnosis of
NS was madic by pediatric npBiralogists m specalized cenlirs
based on published criteria [32]. Following informed consent. de-
Baiked clinical and pedigree imformaion wes claised by o san-
dardized questionnaire available on www renalgenesong. Me-
phiralic range prodeinuria was delinnl as prolidnuria 40 mg)
mh. When evaluating the frequency of mutations, we relase
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tksrm b Farnilies rather tham patients hecamss siblings have identi-
cal mitatioee, Whes evaluating dinical data, we rdate thems 1o
patientsbes wgse siblings might differ in their clinical phenoty pes,
In wirs shown kn one of our previous siudies that ow of the e
sihllings with e bomeoypous missanse mukaton in NFHS gene
Ex14: c.1780 T (H] {p.L337E), anly one developed nephroic
svril noomie B fore thie age of 0 @ave, while the other did ot man-
Ifext mnitkl the age of 2 vears [33].

Mumrion Analpsis
Cernimis THNA v dsclalind from hlood samplis weang the
D& purification kit {Geenira, Minneapolis. Minms,
L75A) fellewing the manshciures guidelines, Mulation analeis

by direct exon sequencing was performed wdng exon-flankisg
primers aml by dirvel sequencing af all the exons for NPREIL

WPHEZ, PLOER and PAX2Z. WTI analysis was limited to exons 3
aned B since mulalionsof s gene that account for isolabed M5 has
almuost exclusively beem reported in these two exons (21, 34]. Exon
primers e KPHEL MPHEZ, IWT1 asd FLCE) Bave bevs publishad
previously [14, 18, 20, *1, ¥5]. Por segeence analysis the software
EEQUENMCHER 2 8™ (G Coalisa, A Adsee, Blich., URA] was
used. The prablibed reference seguence of NPHET (MM _004646)
s i as tha relineant wild-fype pene sequience, Sequencing of
hoth [ A strands wis perforseed for all detecied svaations and
other sequence varianis, |§ parengal svmples were available, seg-
regatios of the variamts was cosfireed by dinect sequencing of
parenial svmples, Far each novel mulation, its absence was dem-
onsirated in %6 heahhy comtrol isadividaals of matched ethnic or-
igin by direc wqwm:i-E Wi Barre diefime “dispasr-causing mina-
tioes’ as the presemce of both alleles of a recessive-dissase gene
[AFHED or NPHED aml ane allele of a daminant dissase gene
(WTT) that are ahsent from % healihy control individuals and
Froemy Ve LN garmoemes” alababassy wouew, 100HIgersmas ol

Results

Patiers Charncleristics of the CNS Coliort

Im this study, 2 workdwisle cohort of 23 patients fram
20 families with CM% was included. All patients were ex-
amined for MPHS mutations. Families were from the fol-
lenwing ethmicities: 7 Caucasian, I Torkish, 4 Arabic, 3
Imdianm, I Pakistan, | Vietnamese and | Hispanic. Eight
patienits From & families were from consanguinecus par-
ents Renal biopsy was performied in 7 ofthem and shaoveed
CHME (3 patients], DS (2 patientel, ghameralar mesangial
proliferation (I patient) and mesangioprolifarative plo-
merulonephritis {1 patient). Because traditionally CNS is
considered treatment refractory, 18 patients (75%) did not
receive any therapy. In 3 patients (13%] sterodd therapy
wak admbnistered: 2 of them (A3319 11-1 amd AZ358 11-1)
dlid mot respand 1o the seroid theragy (seroid-resistam
mephrotic syndrome). A3358 11-1 was then started on
CPA and CsA therapy: The third patient {A 3449 11-1) died
24 h after the administration of sterodd therapy so nodata
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an the response was available. One patient (A3360 11-1}
was partially respansive o cvclosporine A [Ced). One pa-
tient [AS525 11-1) was an artiprateinuric therapy with
angistensin-copverting engyme [nhibiters,

NEHST Mutations

Mutation analysis by direct exon seguencing of all 2%
waoms of NPHED was performed for a tetal of 23 patients
fram 20 famuilies, Bath causative NPHST mtations were
detectind in % of the 20 fumilies (45%; table 1); therefone,
the M5 phenotype is fully explained. NPHS] mutations
represent a recessive single-gene cause of CME. Recessive
single-gene disease causes convey full penstrance of a
dizease, Thiy are thus distinct from genetic variamts that
are found enly to be associated with disease bocawse as-
sociated variants usually explain caly a bow percentage of
the phenatypic variance, as are the cases for instance in
the MYHYAPOLL [36] and HLA [37-42] variants that
have been found in nephrotic syndrome.

Mine families had disease-causing mutations in
NPHAL. The affected individuals of 7 families were har-
boring the muwtation homozy geasly (table 10, In these, we
discovered ome novel homozyvgous splice site mutation
(ST + 1 G=T)in family 43236 {fig. 1). The affected in-
dividuals of 2 families (A2 and AXLIE) were foumd fo
hiave comproand heteroeygous mutations (table 1), Family
AL s i:mnpnund h:ht:rmmms. for a rwvel pwtation
i Ex2Z: ¢ 2930 A=G (pY977C) aleng with the knoswn
mutation Ex27: 478 C=T (pRIGOXY [11] (g Lo
pYY770 is conserved down to Dando rerio with Poly-
Phenl [45] and PolyPhen? [44] scores that are classified
fo b “prohably damaging’ fonline suppl. able 1, www.
kargercomidaid 10,1135 000337379,

T prartients froam 2 families were found 1o have a sin-
gle heterazygoas mulation only (43237 and A3NA) One
af these families (ARXET) was carrying a novel single het-
eroEvgous mulation in Exa: ¢ 644 T=0 (pL215H) (g 1)
pL2I5R is conserved down to Casnorhabditis efegans
with PolyPhenl [43] and PolyPhen [44] scores that are
classified ta be be prohably damaging” (pnline suppl. ta.
bile 1} Therefore, we speculate that our exon sequencing
many v missed U second recessive mutation, eg. a de-
letion or duplication or intronic mutations or mutations
in the promotor region.

Cherall, we discovered 10 different mutatsons, 5 af
them movel, conststing of 1 splice site mutation (15 7 +
1 G=T ) and 2 missense mutations (pY977C and p L215RE
We thereby extended the current WPHS! mutation spec-
trum of 175 mutations [hitpefwsrw. biobase-imbernation-
aloom) by 3 nowel mutations.
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Fig. ¥, Movel WPHAT mutations found in this study, One novel ha-
erarygnis splice sile mutation was found i NPHSL (VS 7 & 1
G=T) im patient A3 11-1. Addivonally, teo novel beteroaygons
ertilions, Ex2E 2930 A pY977C and Exfe o844 Tl
pL215H, were detected in family 43322 (all affected) and A3X3T
101, mesgeectively. Por ench itathos, sequence Froms e patient
and a healthy control andividual is sheown,

Discussion

[ this stady, we were able to define the discase-cans-
ing mtation i both alleles of NPHED in 9 of 20 families
and in ane alkebe vnly in 2 femilies. Three mutations were
:I1|J'\'E'L

Biopsies were performed in 4 cases out of 11 CHS fame-
ilies im whom we detected a uwtation in the NPHS) gene
Thee results were CMF (2 patientsy, DMS (1 patient) and
glomerular mwsanglal proliferation (1 patbeni). These
data conlirm the previous findings that NFHST muta-
teans can cause a somewhat broader vaniety of histologi-
cal phenotypes ather than CNF |15, 14, 55].

Alchowgh CHE is classically knosen bo be sterold resis-
tant, several cases of steroid-sensitive patients with
NPHST mutalions bave been reparted previously [14, 45
In war CHE cobort of patients, A3319 11-1, who carries the
NPHAT mutation in ane allele only, was given steroid
therapy, This individual had no response to therapy. An-
ather finding was that patient A3325 [1-1, wh bad a b
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YRS imsertbn-deletion in NPHSI, was cI'inIn:nl'I:.l
stable om Heinopeil anly, Freviously, 1 patlent compound
heteroeypous for Fin e, aml a missense mulation was
shown to respond 1o enalapril [46]. In another study. pa-
tients with homoeygous missense mutations or patients
with compound heterorygosity for a missense mutation
andl a framsshift mutation for a sosll homsozypoas dele-
Lion causing a nonframeshifl mutation) were shown o
have a partizl response 1o antiprateinuric therapy rarely
[23).

We previowsly reparted a CH5 case of Hispanic arigin
[mnae3) explained by the mistations in NPRS) gene Ex2;
cl3gdel (h) (pEAGEX127) amd ¢ 3482-2 A>G (h)
[splice site) [L4]. In the curremt study, we Found the same
mintation (p EARX 127, but this time in compawnd bet-
:mﬂmltg witth Ex1.3: .17 O (h) 1|:|.E.‘%ﬁ?}::| [47] im
patiert 43326 11-1. who was also of Hispanic origin,
A3326 [1-1 was hiopsed and proven as CNF amd under-
wint unilateral nephrectomy, The patbent had nornsal re-
nal functiom of his wnilateral kidney afterwards. A previ-
s study showed that RS management with captopril
and indomethacin therapy in combination with wnilat-
eral mephreciony achieves significant improvements in
plasima albumin and redocis the need for albamin infu-
sions and time in bospital; therefore, second nephrecio-
my. dialysis and transplantation can be delayed until the
Srd year of life or banger [48].

Ancther finding in this study was that family 434146
from the Indian sabeontinent was found e lave the ma-
tation . R1IS0K. [na previcas study, p.RILEXK wasshown
to be suggestive of a founder effect and therelore com-
minly knioaen as the “Malese matation’ [11]. This miuta-
then wak also detected In CHF cases of Indian/Bangla-
deeh arigin, but associated swith a different albde [11], I
the same study, pRLIIG0K resalted in an unespectedly
mild CHF plsenoty pe in about hall of the cases 1] ln awr
study at least a part of the patients with this mutation
have a very early onset of CNS (15 days. | month and 2
minaithes, respectively],

The classical notbon that X PHS! mistathons are saen in
nephrstic syndromme cases with age al onset in the first 50
days of life was changed by the recent discovery that
MPHED mutations may cause anset beyond the first 3
menihs [15]. Previeusly, it was demaonstrabed that homo-
Evgosly mapping is a useful tool for scramming for Bomo-
VRIS disease causing mulaticns in NFHS1 |33, 49]. Ia
wuar study, we also screened % families for NPHED muta-
tioms (AJILE, AXIGL, ASEI0, AJ3T, A3321, AXK2A (2 gbs],
AT, ARG, A337T) that had the omset of N5 symptonss
beyond 9 days of life with single nuclestide polyemor-
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|:|h|r.m arrays (e Chlp"‘ﬁ from .M'f:,muirl:l. Inic. with &
reselution of 250K [(Haman Mapping 2508 Stpl Arrayl
The mwthosd has been deseribed in detail previousy [33,
«HI|. However, mone of these Bamilies were foand to have 2
disease-causing mutation in the NPHST gene by direct
stquﬁ:lng {data not shivam.

I previous stsdies, it wis shown that approgimately
aive hall of CNE cases are caused by recessive mutations
im NPHS |13, 14, 33). The NPHE! mutation rabe in our
cohort was 453%, accordingly.

O the mutations described in this study, R11B0X was
the most freqgoent, This mstation was found homozy-
gously in 3 families and was found in a compaoians het-
erozygous state with the povel mulation Y9770 in one
farmily with 4 affected siblings {AX3X2), acoounting far 7
af 4 allekes {17.5%)

Begarding the families in which s did not desect dis-
cuse-calEing mulalions in MPHSE, NPHS2, PLOED or
WL, we cannat exclude mutations in regulbatory ole-
meemibs or introns ar heterceygous whale exon deletion as
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Exome Sequencing Reveals Cubilin Mutation as a
Single-Gene Cause of Proteinuria

Busgsu Civunc,*t Edgar A. Otto,” Virginla Vaga-‘Warnar,* Pawarea Salsawat,* Shazia Ashraf,”
Gokul Ramaswami,* Hanan M. Fathy,® Dominik Schoeb,® Gil Chernin,* Robert H. Lyons, ¥
Engin Yilmaz,! ard Friedhalm Hildebrandt*®

[eparimanis of "Pedlairics and 'Humen Geneiics, "Depamment of Mological Chemising and DA Sequencing Core.
sl YHoserd Hughes Mpcdical iretituies, Unkseraity of Mchigan, &nn Arbor, Michigas; "Department of Medical Bisloqgy,
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ABSTRACT

In twa whilings of consanganemns parants with iMecmittent rephoticrangs pro-
vararia, wi claililed o hemaipgou deletaimu framadkilt ruatatian in the gee
CLABN, which encedes cubadin, using exome capture snd massvely paraliel re-
pequencing. The mutsticn wmgregsied with alfected mambem of the Esmily and
was absent from 92 healthy individuals, thereby Mentifying a recessive mutation in
CLAM as the single-gene cause of prodeinuna in this sibship. Cubulin musations
causs a hareditary farm al megaleblatic anamia secordary 1o vitasin B, dufi-
clency, and proteinuria oours in 30% of cases since oubiln s coreceptor for both
the intestinal vitsmin B, -intrinsic fsctor complex and the tubulsr reabsarptcn of
profain i the promimal tubube. In semmany, we repom successful use of exomme
capture and massively parsllel re-sequencing to ident#y & rare, single-gene camse

o napkropinky.

ey Sne: Pyl 20 e, FO . ks 1018810054 307 10337

Pronein-emsonding cxons constimte oy
1% of the human genome but harbor
Ba% al mulalmins in sngle-pene disar-
ders." Amang about 2800 Mendelian
diseases. for which the causalive gene
has been idontified, muatations affec
the cosdimg region or casonical splice
sites and thereby the fumition of the
encaded profeins ' However, PUR am-
plification of thousands of candidate
Rk s costly sl impracieal arnl has
hampered discovery of single-gene dis

i cmuses, ecent by, ne-segquaencing of
entire coding reggons of the human ge-
name, the “exome.” with canseoative
muassdvely parallel (MP) re-soguencing
has drammatically changed this situation.?
This appeeach his Been siccesshally ap-
plied 1o identify simghe-gene causes of

rare clissases ancluding Miller sym-

1 v, Sce: Hasahard 33 -, 3511

drome? Kebubd syndrome,” Schineel-
Giedion syndrome,* Bartier syndrome,®
anel nephraneghibisis ivpe 1007
Mephrotic syndrome (2] is a com-
mon kidney diease characterized by
proteinaria, hypoalbuminemia, geneal-
ized edema, and hyperlipidemia 1denti-
fication af recessive single-geme canses of
W% has provided mportant inssghas in
the pathopensesis of this enigmatic disar-
gher, Whisneas NPHES mutatsms explim
10 i 25%% of childbood M5 and twa
thirdks of all M5 in thse first vear of life can
bz explained by mastations in four genaes
anly  (NPHE!L NPHSL WTE, and
PLCEL minst ather recessive cunses of
RS are very rare {1 1o ¥% of cases) -
Whinzis aighe-gai ciiises of RS odow m
childhood and adolescemce, in more than
b 7006 (o cass the compalive g mia-

ot 5 il e This forbds the use of
bt et for e kderitification dind e
cessitiies the ability 1o identify dissse-caus-
i s in sirgle Buedlis, We thereliee
combined whaole genome homoxygosity
e g withs oomeecutive whake humean e
ot captiine WHEC] and massively pas-
allel re-sequencing bo ceeronmee this im-
itaion® In this way we here identily a
heomosygous deleterions frameshift mu-
tatkn withim the culbilim gene (CLTBN] a=
a el unespecial casse of proteinuaria
in twa siblings with intermittent me-
phratic-range proteineria, This ap-
proachs will likely be very useful 1o rap-
idhy solve cases of ran: nephropathies,

RESULTS

Twon siblings (A 2800:21 and A2410:12]
fram family A2410 were decovered fi
heive proteliviria of roulEne examind-

Pt Ao A, JT1 1. Accaqned Wag 37, F011

Pubbuhad on b shasd of pone. Pubtboston das
aun ki 81 wraa P

RO sl BA D cordrleited spaally 10 1hia saic

Coresspoinvdencs: D, Frosibadm Hikdeboarad, Hoss-
B o iuied. Wi e, Ll o Wi Fugadis
gy Bagtre, EGA0RD SRR 10, 11500 et PAsmial
Contzr Orrea, S drbor, Mechepen 857085438
Phoae: PH-G15-0TES ofica), PH-G15-TE0S, -0
Patswatcrie; Fus: TB8-41%-1384, -TTRO; E-rrad
o i ch il

Copyighe @ 11 by the Ao Sodery of
Fpdavbasry
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tion. The amount of probeinaria in both
sttlings Fand biven Missisating, soemitines
reaching up to 2 g'd and then decreasing
without any treatment {see Patiemis in
the Conclse Methods sectzan 1, Caven con-
sarguinity of the parenis of the twn ablings
with proteinur, wi hypothesad Bl it
il wis o recessively inherised menation.
Thaerefore, we peerformed linkage amheis
and Bosaogoeny s in btk aifecnsd
sibilimgzs [A24E0-21 and A24H0-22) weing AF-
famwetrin I50K SWP S1v] arrs. Momjuri-
mietric LOWD soore amalysis ™ was caboulated
for both shlings together, vielding seem
segmients al hosasygosity by descent oa
chromnosomses 3, 10, 14, 17, 21, and 22
with o total cumubiive pesomic kength
of 150 Wb fFiEure 1). Cine sagmen o
ety an chrvmsasams 10 2om-
cided with FLCEL, a known oo for ne-
phrotic syndrome. Howewer, Sanger ne-
sequencing, of all exons and adjscent
exon-inron  boundaries of PLCET
wieklidd m mugtation in this gena,

We then performed whole haman ex-
ame capture in one sbling (AXI0-22)
using Mamblelien 216 Husnen Fxame
Array with consecutive massively parallel
re-sequencing on fwo bees of an -
mina-GiAlle  sequencieg  placform oo
idemtify the underlying disease-cansing
mustation. Sequencing generated 295
million single-emed reads of 78 bases.
Cruality-filerad  squende eads wore

aligned to the human reference genome
assemlaly hgl® (NCBL build 37} wsing
“CLC Genoamics 'Workbench® software
(CLC-bi, Aarhms, Denmark), Akt
201 millles of these resds (REW)
matched the targeted exons comtribating,
B i erdEan cosverage off 11-fuld [misn
14-ficdd ). Mo coverage wis obtained for
abot 2,2% of all | R0 targeted mxons.
L Gemansics Warkbench sofftware wis
further wsed 1o call single nuckotide
warzants or small insertionsdidetions. By
filtering for hompeygous-only varants,
we identified 1968 varianis from the ref-
creice sepiseice with o least fvefold se-
gaence coverage. OF these, only 48 were
mal known single nueleatide polymear-
phisms, either reporied in the database
ST M0 o thee [N geenisenas: progast.
‘When examining the segments of ho-
mirzypgasity {1 32 kb eotal), for which we
Feidd initially generatiod & positional cais-
didare hypothesis by whale gemome ho-
mrygasily mapping, ealy 11 noasyn-
IV LS EX 0k varianis remsined. One
of these changes was a novel 1-bp ho-
ey gaus deletion (CR&335deld) in exon
33 of the gene CUSN (cubiliny, resuliing
im a frameshilt and a proficisd proms-
ture truncation of the encoded protein
(pSI7BESREXI9) (Figure 2). We cone
firrmed this munation by exon-PCR and
Samger sequencing homozygously in
bath alfested sildings amd heterazy-

97

poushe im bath paremits (Figure 3). We
then searchad for additional CLIHN
mutaticons in a large worklwide cohon
of 540 Famillies with N5 in whom we
had gemerared hamsnzygoshty mapping
data by WGHM. Four affecved individ -
uals [A155-11, A&49-11, AlSO5-T1,
and AZ591-211 of these Families
showred 2 genamic segment of =2 Mhb
of Bnmsorygressty at the CUBN loous.
Flowrever, direct Sanger sequencing of
alll e of CURN is thiss islivieluals
did ot yield any additional mutations
[data nok shonem ),

DISCUSSION

W hire ditectied a movel | -hpr hamusy-
gous deletion of the cubifin {CUHA])
peme as the cause aof prodeinaria in two
sthlings wath NS using @ comibined
strategy of homoxygosity mapping and
WHEC with muassively parallel ri-se-
quencing. The finding represented an
unexpected cause of NS because inter-
ICIENT Eeoss Proleinisa s rere i ju-
tiemis with CUBN mutaons whao are
knevwen 1 have [merdund-Grasbssck syn-
droene {155 CMEM 10 2261 1M, @ form
of eongenital megalobdastic anemia doe
tevwitaimin B, deficeency caused by a de-
fiect im thee witamin [, fintrinsic factor re-
crphar QCUHNG QMM 1D S602097 5

Figure 1. Monparameiric lod [MPL) scores across the human genome in twe sibbngs with inbermittent geoss probeirsria of consang-
ricags formiby AP reweal Tour mgions of homogygosity by descent, The s-mon shows Affpretrs 250K SHF St amay SHF poaitiors on
Fuman chremcaomes concatensded from pier (el ta gier inghtl, Geneic distance is given in centimcrgan c). Seeen mazimum MPL
prina b friedd Gre b indicite candidate negiar of Romesygauty by dedcant. Tre s show @ g ian of Foroopgaety in dramerioms

10, which wclucas CUBML

F 4 rmiuad oof e Aradia s Sia sty off hiyrhavdodp;

A S Biyebind 23 S, 3111
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e TETTECACGTAGCATAARATCCACCACC T TOCAA TOAAT OGT

TTAAAAGTCACOACCAGCTGAT TOOAACETD

TTAAMAGTOACOACCAGCTOAT TROAACE TD

Corsermen TETTECACGTAGCATAARATCCACCACC T TOCAA TOAATOGT

Cirriings

Hongey TETTCCACGTAGCATAAAATCCACCACCTTEGCAATOALTOGT LiET TAAAAGTCACOACCAGCTGAT

n-.--n:l

FTALAAGTCACGACCAGE TGAT TG0 ALC

hlll-t !1 TECACOT AGCA rmu::u:l_uﬂm.-.munr - a8

ﬂ-—-.

Honsms TETTCCACGTAGCATAAAATCCACCACC TTECAATLALTGGT Cf
L ]

AGTTAAAASTCACGACCAGCTEGAT TRLAACCTE

CHaniiy RIS

LEEE ot

GTAGCATAARATCCACCACCTTOGCAATOALTGGT O

AGTTAAAASTCACOACCAGCTAAT TRRAACCTO

I:Iq—-.

ho s

BAAATCCACCACCYTECAATOALTOGT O

AGTTAAAASTCACOACCAGETEAT TOOAACETD

e #y dArodid

Chinify Bocre.
L]

Humarg
L

Baaey s

A TOALT 0T

BAGTTALAAGTCACOACCAGETGAT TRIALEE T

AAAASTEACOACCABET AT TOOALCE 1D

Figure 1. The nowel single-base Fomorygous deletion 0 B355deld) in seon 53 of the cubiln (CUBAD gone Fot causes nepheotic
symiroma in lamily A0, Hote that e souence sown depicts the pha strand of chriomasames 10 and that CUBN is sncaded en

thia revari sirand, tranalens thowing & dalation al a T [hymiss] rather gsan A acaning.

The renal efieets of genetic allation of
ouhilin im a mouse model has been re-
postenl previcasly, ™ 11 was ahsarvel hat
proximal tabule cells did not localize the
receptar protein “ammianles" o the
plasma membrane in che absemce of oa-
hilin, indicating a mutual dependency of
cuthiliin aned amdon s i fForms @ Tanc-
ticnal membrane receptor complex.
Furthermare, cubilin-deficient mice
exhibited markedly decreased uprake
of albamin by proximal tubule cells,
leading 10 prateinaria, I was shown
that cubdlin is essential for albamin re-
shsorpian by prozemal tabule <ills, ™
Recently, an assnciatson between a mis-
senee variank (129844 ) in the CURM pene
sl Bl urinary albsaman-ro-creatinisn
ratio and microalbaminariz has been

1y Baw, Pipbogd 2 e, 210

idenrilicd s & genome-wide association
m_.,d:.._u.

I theis suly we hetectal by notal bu-
midn exme capiurne a novel homooygous
debeterions CLIEN mtation as the coas:
of proteinuria in a family in whom ab-
sence af megalahlastic anemia did nos
clicit any suspicion of 1G5, moes likey
becanse of their young age. FGS repre-
semls the full dimical picture of CUBN
mutatkons. This is am exanple of molec-
ular penetics providing a diagnostic taal
thaf is sivre sensitive gl accsirate thin
clinical disgreasic, a possibility that will
b strongl enbancod g WHEC arl
massively parallel re-sequencing becons:
miire extablished.

Marevver, genetic diagnestics. might
iriformn therapy Recently, amcther cose

wiith 105 ] CURN mnitalsn was re-
paried. The patiend wasa 1 &-year-old girl
af Givman descent who presnbal with
anel funicubar mydiosis, Aller intrnamsus vi-
ramin By therapey and conssnstive intermit-
ten intramusoular injection of vitanin B, .,
Bhe prabicnil’s neuralgge SEmploms cissl
coamnpletely after 2 months, hemarologic pa-
ramciere niwmmalized withim 5 muonths,
and ahhough proteinwa wis perstaent,
renal function did not deteriorate. '
Likewmae, the sildings descrilad  here
might benefit from vitamin 5, replace-
miml theragy,

A ke cellubar level, 165, a monogemic
cave of megaloblastic anemia (MGAL
ORI 113 261 100, & due 1o defecrive
intestinal B, malabsomption andlor re-

Ciikin v Whorgees Prolsvais k]
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Figure 3. Mowvel homogygous musation in CUEMN, & rowsl homoopgous of § single-bp

cabstion v shown that lesch 40 8 frameshib

mutatian n exan 53 ol CLIBN (£ 8355del4;

pSITESIRANT i patieet AZA10-22 whe has inlamillan replealis fafge probaifsia,
Mucleotide sequence traces and deduced aming acid secpance e shovwe for mutased
[topd and wilkd-type [bobam) sequences. Adenine deleted in A2410-12 & marked wih an
axternk in the wild-type weguence. Mutstion numbenng & beed an JUEM human
iafanancn seguirios MM_DI1021 .3, whane +1 oorsiganch 1o thae & ol tea ATG wanale-

Gon ST Codon.

nal tubaskar prodein reabsorption. 1G5 0c-
curs workheide, bl ite prevalince s
higheer in several Middle Bastern coun-
tries aml in Noreay, and highest in Fin-
land (IR i DHLDO0 andividuals). By ge-
netic mapping. Fimnish-type 1G5 has
baen rappedl 1o the CLEN pene locus,
whereas Morwegian-dvpe 1GS has been
mapped bo the AMN gene locus!'™ In
families froem the Meaderrancan an s
raeli pewish famiy of Tunusian origin, '
a Tunisian amily,™ and Tarkih fami-
lies™ prn different AMN muutatsans and
three differemt CLIEN mutations were
detected, Ouside these gasgraphic re-
ginns, ondy scattered cases have been de-
siribel, for example, Somh Alrica,
France,” the United Stabes,” and Tai-
wan The Ssamlinavian cass were Lyp-
ical examples of founder effects, wheneas
im the Mediterranzan region, instead of a
feminder effens, high sdegrees of consan-
puimity exposed rare homsoeygoas muta-
tiins i baoith e,

We here describea movel homoeygous
frameeshift mugation in tweo sblings from
Farily AZHND, Silsling A2410-21 Bul in-
termuittent mephratic range proteinria
ani sibling A2410-12 hadd imtermitiomi
nephrotic range proteimuria along with
cpilepsaa as the only climical presenta-
Uiis, Anersnid s il @ it of their clin-
ical cowrse. CLIAN mataticns represent a

recesdve single-gene cause of protein-
urin. Revessive simgli-gene discse caes
covey full penetrence of a disease. They
are thereby distinet from genetic vanants
that are Tound only 1 be asocisted with
disease because associabad wariands g
ally explain oaly a bw percentage of the
phenobyphs varsance, as is the case for in-
stance in the M Y% and APOLJ vanants
that have bezem found in nephastic sym-
alromee. =

TInconelusiom, the combination of ba-
moEygnsily Mapping in ConanguEness
siblings topether with WHEC and mas-
sively parallel re-sequencing providis a
o for the evaluaton of patents with
undiagnisex! penetic diseases, Char lind-
ings abso indicase that 1G5 should be con-
michervel when  dignosing,  imdividuals
with proteimuria o ddemify potentially
treatable varants.

CONCISE METHODS

Patianis
W oheained bloand samples, prdigrees, and

il inlormatas after eceving mformed
omaeni | hittps! i renal gereesorg | rom all
paticnts. Approval for caperiments on hu-
meind: wias obtaimed from the Universicy of
Wichigan Institutional Review Eoard. One of
the il of & Cofaigiuieciis ity feom

4 Joasvind ool vhes Aevewison Soetiatp ol Mepdaolngp

99

Egvpe (A4 10- 22} was fomand b beres proteine
urka during 4 routing unine analyvii precesd.
ing an operation for hypoapadie AJ400-21
had proteinusia of 790 mgfd. Serum omils-
nine was 0.8 mehdl serum proiein &% gl
werum albemin 4.I gl with neemal orais-
mine clearance, and norssal O3 levels ar 4
vears of age, Then ihe osher siling of the
Tl | A 2410211 wiis beitind e peoteinurnia
Shling AZ410-21 kad peoieinuna of 180
mp/d Serem creabminge was (L4 mgfdl, tolal
seruim proein & B gL, and wrum albomis 3.5
gL Creatining learsmce arad complemens 3
(37 bewed where sormal @t 5 vows ol ige. Bath
sidings were ireated with ACE inkibitors
with ne improvement of their condilion. The
amoiint of profeisuria i ook siblings had
heen Bucheating, somatimes rraching up to
gl then decreasing winhour any trears
ment, However, no edema developed and mo
bl Benal baopsy was mot performesd. As for
mugalshlastic anemia, both sihbags had nor-
mitl hemeoglobin levels and the red Bleod ol
indices were also within noemal range for
their dgges. A4 10 12 B el conmmiplis parrtial
selemres sirce he was S-momhsold, reqeiring
trvatmami with carbamaoepine. He has bom
weizure free o carbamazepine for | pear i,

e

Hemarygoity Mapging

For gemcme-wide homoorpgosity mapping.
the CemeChip Humin Mappng 1508 Seyl
Array from Affvmetrs was ussd Nonpara:
muiric LY scores weer cakoubvied wsing 2
mudifisd version of the program GENE-
HLUNTER 277 through sepwise use of 2
whling window with scls off 110 SMPx The
programs ALLEGHE was emaploped 10 idemify
regions of Bamoep gty as deszibed ™ ming
i d b allele frequency of 000000 and CEL
marker alkde freqeescies.

Whole Human Exome C.lﬁl:.n
Gientammic IA {10 ) drom alfected sbling

A1A10-21 wan capbared using the MimbleGen
21 M Horan Feome Arnay | Rode/Nimble-
Cien | according 1o prosoosl. The Mimblelien
2.1 M Human Exoima Array conbains nlignms-
clenitides piohes that g agpratimaley
180 enonsof | BAT S profein-coding genes
uirlimy e OS]
sl in additon b 351 micro-HMAL Togener-
b rardinm wtart preilinns and do reduce frag-
il s 10 be appaopaiate for the Muiming

from the

A daw G Wi 33 S, 2071



gememi anabyrr, Bigh-throsghput sequenc-
ing captired and amplifiad D84 frigses
in the rarge of 34 do 706 by were subse-
quently modilicd sing Bal3l csomudose
and 14 Ase-] as published previousy. =

Massively Parasllal Re-ssguansing,
Sequence Allgnment, and Yarlant

Litrary construction of the maodifiad cap-
tured D3NA fragmenis was perfomind wsing
the “Genomic DNA Swmgle Frep K™ i
cording o the manufscgurer's msiruciions
[Mumiea, San Diegs]l. The library wos -
quenced on te Lires of an lumins gome
analyzer (AN 2 B0 base simgle-md reads
Lennge: amabysis and base calling were gener-
atesd by the Mumina pipelne 13,1 usng de-
fiwalp parastecten. Ssbseguent sojuende align-
ment 10 the human pemome reference
pemasme (hgl¥) and vansst calling was per-
formed using CLC Genommics Workbench
software. {nly varangs with an alde fre-
quency of more than B3 were called o jdos-
1ify homarygoms varianis
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