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Inclusion criteria Exclusion criteria

Age <25 years at nephrotic syndrome onset Patients with non-nephrotic range proteinuria or
-AND- hematuria only

Clinical diagnosis of nephrotic syndrome (e.g. SSNS, SDNS, acute GN (e.g. hypocomplementemia,
proteinuria, hypoalbuminemia, edema) gross hematuria), acute kidney injury.

-AND/OR-

Renal histology of FSGS or DMS Patient age >25 year at nephrotic syndrome onset

Supplementary Table 1: Inclusion and exclusion criteria for enroliment in study.

DMS, diffuse mesangial sclerosis; FSGS, focal segmental glomerulosclerosis; GN,
glomerulonephritis; SDNS, steroid dependent nephrotic syndrome; SSNS, steroid sensitive.
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Supplementary Table 2: Thirty-three genes known to cause monogenic steroid-resistant nephrotic syndrome and
mode of inheritance. Underlined genes were discovered and published by the laboratory of F.H. during performance of
the whole exome sequencing study. References for original publications are given on the right. Blue background indicates
known steroid-resistant nephrotic syndrome gene and orange background a phenocopy gene for steroid-resistant
nephrotic syndrome. Citations for these references are provided on page 20-23 of the supplementary information.

Gene Mode of inheritance OMIM ID Reference
ACTN4 AD #604638 Kaplan, JM (2000) (1)

| ADCK4 AR #615567 Ashraf, SA (2013) (2)
ARHGDIA AR #601925 Gee, HY (2013) (3)
CD2AP AR/AD #604241 Kim, JM (2003) (4)
coQ2 AR #609825 (Dsi;)medi-Camassei, F (2007)
CO06 AR #614647 Heeringa, SF (2011) (6)
CRB2 AR #609720 Ebarasi, L (2015) (7)
CUBN AR #602997 Sadowski, CA (2014) (8)
DGKE AR #601440 Sadowski, CA (2014) (8)
FAT1 AR #600976 Gee, HY (2016) (9)
INF2 AD #610982 Brown, EJ (2010) (10)
ITGA3 AR #605025 Has, C (2012) (11)
KANK1 AR #607704 Gee, HY (2015) (12)
KANK2 AR #614610 Gee, HY (2015) (12)
KANK4 AR #614612 Gee, HY (2015) (12)
LAMB2 AR #150325 Zenker, M (2004) (13)
LMX1B AD #602575 Boyer, O (2013) (14)
MYO1E AR #601479 Mele, C (2011) (15)
NPHS1 AR #602716 Kestila, M (1998) (16)
NPHS2 AR #604766 Boute, N (2000) (17)
NUP205 AR #614352 Braun, DA (2016) (18)
NUP93 AR #614351 Braun, DA (2016) (18)
PAX2 AD #167409 Barua, M (2014) (19)
PDSS2 AR #610564 Lopez, LC (2006) (20)
PLCE1 AR #608414 Hinkes, B (2006) (21)
PODXL AD #602632 Barua, M (2014) (22)
SGPL1 AR #603729 Lovric, S (2017) (23)
SMARCAL1 AR #606622 Boerkoel, CF (2002) (24)
TRPC6 AD #603652 Winn, MP (2005) (25)
TTC21B AR #612014 Huynh Cong, E (2014) (26)
WDR73 AR #616144 Colin, E (2014) (27)
WT1 AD #607102 Mendelsohn, HB (1982) (28)
XPO5 AR #607845 Braun, DA (2016) (18)
AGXT AR #604285 Nishiyama, K (1991) (29)
COL4A3 AR #120070 Lemmink, HH (1994) (30)
COL4A4 AR #120131 Mochizuki, T. (1994) (31)
COL4A5 X-LINKED #303630 Barker, DF (1990) (32)
CLCN5 X-LINKED #300008 Lloyd, SE (1996) (33)
CTNS AR #606272 Town, M (1998) (34)
FN1 AD #135600 Castelletti, F (2008) (35)
GLA X-LINKED #300644 Bernstein, HS (1989) (36)
LRP2 AR #600073 Kantarci, S (2007) (37)

International FMF Consortium

MEVF AD/AR #608107 (1997) (38)
OCRL X-LINKED # 300535 Attree, O (1992) (39)

AR, autosomal recessive; AD, autosomal dominant.
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Supplementary Table 3: Variant calling as disease causing for autosomal recessive and
dominant disease in genes known to cause steroid-resistant nephrotic syndrome.

Autosomal recessive variant calling in known genes

Include allele as
disease
causing if:

Truncating mutation (stop, abrogation of start or stop, obligatory
splice, frameshift).

Missense mutation:

- Continuously conserved at least among vertebrates

-or-

-Previously reported as disease causing

=0r-

- Loss of function in human allele is supported by functional data.
-or-

- Phenotype correlates with the published phenotype for the gene.

= Or=-

- Predicted deleterious for the protein function (at least in two among
three prediction programs (Polyphen (>0.5), SIFT (Del), Mutation taster
(DC)).

Consider
excluding allele
as disease
causing if:

Allele Frequency

- Heterozygous allele frequency >0.1% (in ExAC)

- Homozygous allele frequency (> 2 individuals in ExAC)

- Non-segregation in the case of compound heterozygotes

Autosomal dominant variant calling in known genes

Include allele as
disease
causing if:

Truncating mutation (Stop, abrogation of start or stop, obligatory
splice, frameshift).

Missense mutation:

- Continuously conserved at least among vertebrates

=0Or-

-Previously reported as disease causing

=-Or-

- Loss of function in human allele is supported by functional data.
-or-

- Phenotype correlates with the published phenotype for the gene.

= Or-

- Predicted deleterious for the protein function (at least in two among
three prediction programs (Polyphen (>0.5), SIFT (Del), Mutation taster
(DC)).

Consider
excluding allele
as disease
causing if:

Allele Frequency

- Heterozygous allele frequency (>3 individuals in ExAC)

- If the variant is present homozygously in any individual in ExAC
- Non-segregation (note that variable expressivity and incomplete
penetrance must be taken into consideration when evaluating
dominant genes).
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Supplementary Table 4: Number of families evaluated by panel sequencing in
Sadowski (8) and by whole exome sequencing in this study. 94 families were
evaluated by whole exome sequencing and panel sequencing. In 20/94 families, a
causative mutation was detected in one of 26 genes known to cause steroid resistant
nephrotic syndrome gene by both whole exome sequencing and panel sequencing. In
nine families of the 94 no causative mutation was detected by panel sequencing but a
causative mutation was detected by whole exome sequencing. Phenotypes and
genotypes of families with a causative mutation detected are given in Supplementary
Table 9.

Total families evaluated by panel sequencing and WES gzgﬁz;)

- 206/300
Total families evaluated by WES only (69%)

- . . . 20/74
Total families with a causative mutation detected by panel o

. (27% of solved
sequencing and WES
cases)

Total families with a causative mutation detected by WES and not by 9/74
panel sequencing (12%)
Total families evaluated by WES only with a causative mutation 45/74
detected (61%)

WES (whole exome sequencing).
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Supplementary Table 5: Selection of novel candidate genes for 11 families with steroid resistant nephrotic syndrome in whom a
causative mutation in a known nephrosis or phenocopy gene was excluded. Each candidate gene represents the most deleterious mutation
within a homozygous peak region of the respective families.

. Clinical
Family ID Zygosity Accession # c. position p. position gg::::’(;:stlg MT/SFT/PPi ExAC diagnosis.
)
Hemi NM_182699.3 c.24G>A p-Trp8* Truncating - NR SRNS
Hemi NM_015419.3 c.204_205insT | p.Ala69Cysfs*22 Frameshift - NR SRNS
Hom NM_018706.6 c.886G>A p-Val296Met Dm DC/Del/1 0/3/121366 | . De:-_
identified
Hom NM_018706.6 c.886G>A p-Val296Met Dm DC/Del/1 0/3/121366 idelr::g;ied
Hom NM_001039803.2 c.610T>C p.Phe204Leu Dm DC/Del/1 NR SRNS
Hom NM_017807.3 c.40A>T p.lle14Phe Dr DC/Del/0.023 NR SRNS
B57 Hom NM_017807.3 c.40A>T p.lle14Phe Dr DC/Del/0.023 NR . De:-_
identified
Hom NM_016058.2 c.407T7>C p.Leu136Pro Xt DC/Del/1 NR SRNS
Hom NM_017807.3 c. 740G>A P.Arg247GIn Dm DC/Tol/0.998 | 0/8/121400 CNS
Hom NM_001029858.3 c.878T>G p.-Met293Arg Ce DC/Del/0.999 NR SRNS
Hom NM_018714.2 c.1070+5G>A Splice Splice - NR SRNS

Bx, biopsy; Ce, Caenorhabditis elegans; CNS, congenital nephrotic syndrome; DC, disease causing; Del, deleterious; Dm, Drosophila

melanogaster; Dr, Danio rerio; Hom, homozygous; Hemi, Hemizygous; Mm, Mus musculcus; MT, MutationTaster; NR, not reported; PPi,
Polyphene score; Sc, Saccharomyces cerevisiae; SFT, SIFT; SRNS, steroid-resistant nephrotic syndrome; Tol, tolerated; Xt, Xenopus tropicalis.
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Supplementary Table 6: Age, sex, and ethnic characteristics of the steroid-resistant nephrotic syndrome cohort
and of the families in whom a causative monogenic mutation was detected in either a steroid-resistant nephrotic
syndrome gene or a phenocopy gene. Age and sex demographics are given for a subset of 81 individuals from 74
families in whom a causative mutation was detected in a steroid-resistant nephrotic syndrome gene or 15 individuals from
11 families in whom a causative mutation was detected in a phenocopy gene are shown. Additionally, ethnic and racial
data are given for all the families in the cohort, with a subset of 74 families in which a mutation was detected in a steroid-
resistant nephrotic syndrome gene and in 11 families with a mutation detected in a phenocopy gene. Age and sex is
represented graphically in Figure 3A, race and ethnicity are represented graphically in Supplementary Figure 1.
Families from Egypt identified as being African and Arabic and families from Saudi Arabia identified as being Arabic and
Asian. Percents >10% are rounded to the nearest whole number.

Clinical

L. Clinical Characteristics of Individuals with
Characteristics E—

Causative Mutation Detected

of Total Cohort

Number of

Number of individuals

Number of individuals with with mutation
individuals (%) SRNS mutation detected - phenocopy
detected (%) gene (%)

Gender
Male 163/335 (49%) 41/81 (51%) 9/15 (60%)
Female 138/335 (41%) 35/81 (43%) 5/15 (33%)
Unknown 34/335 (10%) 5/81 (6%) 1/15 (6.7%)
Total 335/335 (100%) 81/81 (100%) 15/15 (100%)
Median age (range) at 4 (0-24) 1.7 (0-21) 4 (0.3-16)
diagnosis (in years)
Infants < 90 days 31/335 (9.3%) 16/81 (20%) 0/15 (0%)
Infants >3 mo and < 12 mo 62/335 (19%) 19/81 (24%) 4/15 (27%)
Children > 1 yrand < 6 yr 94/335 (28%) 19/81 (24%) 4/15 (27%)
Children > 6 and < 12yr 54/335 (16%) 11/81 (14%) 1/15 (6.7%)
Children > 12 yr or <18 yr 34/335 (10%) 5/81 (6%) 2/15 (13%)
Young adults > 18 yr or <25 yr 8/335 (2.4%) 2/81 (2.5%) 0/15 (0%)
Not reported 52/335 (16%) 9/81 (11%) 4/15 (27%)
Total 335/335 (100%) 81/81 (100%) 15/15 (100%)

Race/Ethnicity

Number of Number of families Number of families

families (%) (%) (%)
Arabic 77/300 (26%) 29/74 (39%) 311 (27%)
European/Caucasian 59/300 (20%) 8/74 (11%) 311 (27%)
Turkish 29/300 (10%) 12/74 (16%) 2/11 (18%)
Hispanic/Latino 22/300 (7.3%) 2/74 (2.7%) 111 (9.1%)
Asian 21/300 (7%) 7174 (9.5%) 0/11 (0%)
African and Arabic 15/300 (5%) 4/74 (5.4%) 0/11 (0%)
African/African American 8/300 (2.7%) 2/74 (2.7%) 0/11 (0%)
Arabic and Asian 9/300 (3%) 0/74 (0%) 0/11 (0%)
Other/multiple races 6/300 (2%) 1174 (1.4%) 1111 (9.1%)
Ashkenazi Jewish 1/300 (0.3%) 0/74 (0%) 0/11 (0%)
Roma 1/300 (0.3%) 1/74 (1.4%) 0/11 (0%)
Unknown/not indicated 52/300 (17%) 8/74 (11%) 111 (9.1%)

6
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| Total | 300/300 (100%) | 74174 (100%) | 11/11 (100%) |
SRNS, steroid-resistant nephrotic syndrome.
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Supplementary Table 7: Presence of consanguinity, homozygosity, or multiple affected statuses in 300 families
with steroid-resistant nephrotic syndrome. A subset of 74 families in whom a causative mutation was detected in a
steroid-resistant nephrotic syndrome gene or 11 families in whom a causative mutation was detected in a phenocopy
gene are shown. In addition, the presence of extra-renal manifestations in 335 individuals from 300 families with steroid-
resistant nephrotic syndrome compared to a subset of 81 individuals from 74 families in whom a causative mutation was
detected in a steroid-resistant nephrotic syndrome gene or 15 individuals from 11 families in whom a causative mutation
was detected in a phenocopy gene. Pedigree characteristics are represented graphically in Figure 4. Extra-renal
manifestations are represented graphically in Supplementary Figure 2. Percents >10% are rounded to the nearest whole
number.

CI'"'?aI. Clinical Characteristics of Individuals/Families
Characteristics of . . .
with Causative Mutation Detected
Total Cohort
Number of families Number of families Number of families with
(%) with SRNS mutation mutation detected -
0 detected (%) phenocopy gene (%)
Pedigree
Consanguineous 146/300 (49%) 56/74 (76%) 6/11 (55%)
Non-consanguineous 135/300 (45%) 17174 (23%) 4/11 (36%)
Unknown 19/300 (6.3%) 1174 (1.4%) 111 (9.1%)
consanguinity
Homozygosity on o o o
mapping >100Mbp 147/300 (49%) 56/74 (76%) 5/11 (45%)
Homozygosity on o o o
mapping <100Mbp 153/300 (51%) 18/74 (24%) 6/11 (55%)
Families with one o o o
affected individual 174/300 (58%) 41/74 (55%) 2/11 (18%)
Families with 2 o o o
affected individuals 65/300 (22%) 21/74 (28%) 5/11 (46%)
Families with 3 or
greater affected 28/300 (9.3%) 7174 (9.5%) 3111 (27%)
individuals
g:r';';‘l’;”"’ de-identified 33/300 (11%) 5/74 (6.8%) 1111 (9.1%)
Total families 300/300 (100%) 74/74 (100%) 11/11 (100%)
Extra-renal
manifestations
Number of Number of T 0
individuals (%) individuals (%) NI OET @7 e MR TELS (%)
Yes 91/335 (27%) 22/81 (27%) 6/15 (40%)
No 219/335 (65%) 58/81 (72%) 7115 (47%)
;’:r':]:‘l’;"’"’de'ide““ﬁed 25/335 (7.5%) 1/81 (1.2%) 215 (13%)
Total individuals 335/335 (100%) 81/81 (100%) 15/15 (100%)

SRNS, steroid-resistant nephrotic syndrome.
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Supplementary Table 8: Clinical and histologic diagnosis of 335 individuals from 300 families
with steroid-resistant nephrotic syndrome. A subset of 85 individuals from 78 families in whom a
causative mutation was detected in a steroid-resistant nephrotic syndrome gene and 15 individuals
from 11 families in whom a phenocopy gene was detected are shown. Clinical diagnosis is
represented graphically in Supplementary Figure 3; histologic diagnoses are represented
graphically in Supplementary Figure 4. Percents >10% are rounded to the nearest whole number.

Clinical Characteristics
of Total Cohort

Clinical Characteristics of Individuals/Families with
Causative Mutation Detected

Number of families (%)

Number of families with
SRNS mutation detected

Number of families with
mutation detected -

(%) phenocopy gene (%)
Clinical diagnosis
SRNS 205/300 (68%) 48/74 (65%) 9/11 (82%)
CNS 32/300 (11%) 17174 (23%) 0/11 (0%)

Infantile nephrotic syndrome

9/300 (3%)

1174 (1.4%)

0/11 (0%)

Nephrotic syndrome with
ESRD on presentation

1/300 (0.3%)

1174 (1.4%)

0/11 (0%)

ESRD on presentation, FSGS
or DMS on biopsy

4/300 (1.3%)

174 (1.4%)

0/11 (0%)

Nephrotic syndrome with
FSGS or DMS on biopsy

6/300 (2%)

0/74 (0%)

0/11 (0%)

Nephrotic range proteinuria
with FSGS or DMS of biopsy

7/300 (2.3%)

174 (1.4%)

0/11 (0%)

De-identified sample 36/300 (12%) 5/74 (6.8%) 2/11 (18%)
Total families enrolled 300/300 (100%) 74/74 (100%) 11/11 (100%)
Number of individuals Number of individuals Number of individuals
(%) (%) (%)

Diagnosis on biopsy

Diagnosis on biopsy
(n=223)

Diagnosis on biopsy
(n=50)

Diagnosis on biopsy
(n=9)

FSGS 153/223 (69%) 37/50 (74%) 3/9 (33%)
DMS 14/223 (6.3%) 2/50 (4%) 1/9 (11%)
MCNS 20/223 (9%) 4/50 (8%) 0/9 (0%)
MPGN 10/223 (4.5%) 2/50 (4%) 1/9 (11%)
CNS/Finnish type 5/223 (2.2%) 1/50 (2%) 0/9 (0%)
Membranous GN 1/223 (0.4%) 0/50 (0%) 0/9 (0%)
Other 20/223 (9%) 4/50 (8%) 4/9 (44%)
No bx data available 112/335 (33%) 31/81 (38%) 6/15 (40%)

CNS, congenital nephrotic syndrome; DMS, diffuse mesangial sclerosis; ESRD, end stage renal
disease; FSGS, focal segmental glomerulosclerosis; GN, glomerulonephritis; MCNS, minimal change
nephrotic syndrome; MPGN, membranoproliferative glomerulonephritis; SRNS, steroid resistant

nephrotic syndrome.
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Supplementary Table 9: Summary of causative mutations detected in one of 20steroid-resistant nephrotic syndrome causing

genes and 8 phenocopy genes in 90 of 300 families with steroid-resistant nephrotic syndrome by family and clinical

phenotype.
Family Zygo- ExAC Age Sex Race/ Consan affeited Synd Clin Kidney
Gene ID and c. change p. change zft’ Cons. SFT MT PPi (home/het/ ( egrs) (M/F) Ethnicit (YIN) 9 or . Dx. biopsy
indiv. # y total alleles) Y y per (YIN) results
family
c.176_177in p.F59fs Comp Fs _ _ R NR
B1425 sT het
21 2 M CIE N 1 N SRNS FSGS
Cc.683A>G p.N228S c;:::p Dm Tol | DC | 0.918 | 0/20/120566
Ad431 .
21 c.610del p.T204Qfs*6 Hom FS - - - NR 17 F CIE Y N SRNS FSGS
3
Ad4431 N

22~ c.610del p.T204Qfs*6 Hom FS - - - NR 8 F CIE Y N SRNS MPGN
B788_2

1 c.532T>G p.F178V Het Dr Tol DC 0.996 NR 21 M CIE N 7 N SRNS FSGS
A1605 . .

21 c.2593del p.D865Tfs*38 Hom FS - - - NR <1 M Turkish Y 1 N SRNS FSGS
A3;:3— c.1883G>C p. R628P Hom Dm Del DC 0.3 0/3/118974 4 mo F Asian Y 1 N CNS No bx
B324_2

1° c.2401T>C p.Y801H Hom Dm Del DC 1 0/121/120924 2 mo F Roma N 4 Y CNS MCNS
A1757 . .

21~ c.143A>C p.Y48S Hom Dr Del DC 1 0/70/117226 13 M Hispanic N N SRNS FSGS

2
A1757 . .

2 = c.143A>C p.Y48S Hom Dr Del DC 1 0/70/117226 13 F Hispanic N N SRNS FSGS
B819_2 .

1" c.395C>T p.A132V Hom Xt T P 0.002 0/2/121366 0 F Turkish Y 2 N CNS No bx
A223§6— c.736C>T p. R246W Hom Dm Del DC 1 0/1/119680 3mo M Arabic Y 2 Y CNS CNS
AS284_ | cAT3IG> Splice Hom | Splice | - . - 0/1/118980 1mo F Asian Y 1 Y CNS No bx
A2263_ " .

23 c.4537C>T p.Q1513 Hom Trunc. - - - NR 2mo M Arabic Y 1 Y SRNS No bx
B1219 . .

21 - c.4573C>T p.Q1525 Hom Trunc. - - - 0/1/121384 0.2 F Arabic Y 1 Y CNS No bx

10
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races

A2‘=°—2 c.737G>A p.R246Q Het Dm Del | DC | 0.998 NR 8 F Turkish Y 2 N SRNS FSGS
A4642 c.737G>A p.R246Q Hom Dm Del DC 0.998 NR unk unk unk unk unk unk idelr?t‘;ied unk
A146_2 ESRD at tgltrhoer:i;:
1 c.1228G>A p.E410K Hom Sc Del DC 0.98 NR 18 M unk Y 1 N presentatio renal
n failure
A3656_ . ;
21 c.1978C>T p-Q660 Hom Trunc. - - - NR 45 do M Asian Y 1 N CNS MCD
A5;f1— c.139del p.A47Pfs81* | Hom FS - . . 0/2/114206 4mo M Arabic Y 1 N SRNS No bx
In-
A4;ZZ— °'515—|517de p.T172del Hom | frame - - - NR 60 do F Arabic Y 2 N SRNS No bx
del
¢.1048T>C p.S350P c;::p Dm Del P 0.76 0/21121174
3121,122— unk F CIE Y 1 N CNS unk
€.2506+5G6> Splice Comp [ splice . . . 0/1/120468
T het
B1238 | c.1379G>A p.R460Q Hom Ce Tol | Pol | 0.8 0/1/119280 0.25 M Arabic Y 4 N CNS No bx
B55 c.1760T>G p.L587R Hom Dr Del | bC | 0.99 NR unk unk unk Y unk Y . De- No bx
identified
¢.2014G>A p.A672T c;::p Dr Del | bc | o0.99 0/1/82174
A5§ZS_ 5 mo M Turkish N 1 Y Infantile NS FSGS
c. 3250dupG | p.V1084Gfs* cl‘:;‘:” FS - . . 0/1/82174
A3432 )
24~ | ©2020C>A p.P674T Hom Dr pel | DC 0.3 0/3/118974 1 mo M Arabic Y 4 N CNS No bx
A1500
o1~ | c2728T>C p.S910P Hom Dr Del | DC | 0.959 NR 1 M AAA N 1 N SRNS MCNS
A3509 " .
o1~ | c3478C>T p.R1160 Hom | Trunc. - - - 0/8/121256 0 F Asian Y 1 N CNS No bx
A3594_ " )
b c.3478C>T p.R1160 Hom | Trunc. - - - 0/8/121256 0 F Arabic Y 1 N CNS No bx
A3708_ "
1 c.3478C>T p.R1160 Hom | Trunc. - - - 0/8/121256 2 mo M AAA Y 1 N CNS FSGS
Ad427 Other/mul
23~ c.3478C>T p.R1160* Hom Trunc. - - - 0/8/121256 0 F tiple N 1 N CNS No bx

11




Su

lemental material is neither peer-reviewed nor thoroughly edited by CJASN. The authors alone are responsible for the accuracy and presentation of the material.

BI357_ | c.3478C>T p.R1160* Hom | Trunc. - - - 0/8/121256 0.1 F African/ Y 1 N CNS No bx
21 Arabic
A4gf1— cAAST p.M1? Hom Is;:;‘ ; ; - NR 7 F Arabic Y 1 N SRNS FSGS
A679 - Comp
91 ¢.397del p.R133Efs*2 o FS - . - NR
unk M CIE N N SRNS No bx
c.413G>A p.R138Q c;::p Dm Del | DC | 0.999 0/82/121298
2
A679 " Comp
92 c. 397del p.R133Efs*2 hot FS - - - NR
unk M CIE N N SRNS No bx
c.413G>A p.R138Q c;::p Dm Del | DC | 0.999 0/82/121298
A3133 . )
foaes c.419del p.G140Dfs*41 | Hom FS - - - 0/1/121308 5.8 F Arabic Y N SRNS FSGS
2
A3133 . )
free c.419del p.G140Dfs*41 | Hom FS - - - 0/1/121308 2 F Arabic Y N SRNS FSGS
3923_2 C.538G>A p.V180M Hom Dr Del | bc | o0.58 0/3/120452 9 mo F Arabic Y 1 N SRNS No bx
c.686G>A p.R229Q c;::p Xt Tol P | 0313 69’3522’ 11910
AG‘:"—Z 14 F CIE N N SRNS FSGS
c.916A>T p.R306W c::g:p Dr Del | DC | o0.98 NR
2
c.686G>A p.R229Q cﬁ;':p Xt Tol P | 0313 69’3523’ 11910
A6627—2 9 M CIE N N SRNS No bx
c.916A>T p.R306W c::::p Dr Del | DC | 0.98 NR
Other -
In- diffuse_
A4§';’9— °'7°5|—97 13de | 1 L236del Hom | frame ; ; - NR 3mo M Asian Y 1 Y CNS mesangi
del hypercel
lularity
B1090 c.800A>T p.D267V Hom Ce pel | DC 1 NR 8 M ﬁ:;c'figl Y 1 N SRNS FSGS
B188 °'855—|856de p.R286Tfs*17 | Hom Fs - . - 0/8/115938 3 F Hispanic Y 2 N SRNS MCNS
B140_2 )
1 | ©3095G>A p.C1032Y Hom Dm Tol | DC 1 NR 3 ] Arabic Y 1 Y SRNS FSGS
AT3_ | cs084T>C p.F1995S Hom Dm Tol | Dc | 0.9 NR 35 F Turkish N 2 N SRNS FSGS
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A127§3— c.5984T>C p.F19958 Hom Dm Tol DC 0.99 NR 3 M Turkish N N SRNS No bx
A126126— c.1772G>T p.G591V Hom Sc Del DC 1 0/14/121252 2.5 M Turkish Y 1 N SRNS FSGS
AST_ | cassen>G p.Y629C Hom Sc Del | pc | 0997 | 01120078 13 M Turkish N 1 N SRNS IgA
A2§g1— c.1886A>G p.Y629C Hom Sc Del DC 0.997 0/1/120978 11 mo M Turkish Y 2 N SRNS No bx
312: - c.2017C>T p.R673W Hom Dr Tol DC 1 NR 1 F Arabic Y 2 N CNS FSGS
A3853 .

22 c.1145C>T p.-Ser382Leu Hom Dr Del DC 1 0/4/121372 1 M Arabic Y 2 Y SRNS No bx
B913_2 . .

1 c.1709del p.S570Tfs*29 Hom FS - - - NR 9 mo M Turkish Y 1 Y SRNS FSGS
AIDT8_ | ©25TO-25TT | b Qes9Hfs™31 | Hom FS . . - NR 7.9 M Turkish Y 1 N SRNS DMS
A326;7— c.337(1_|3380 p.N1127* Hom Trunc. - - - NR 9 mo F Arabic Y 3 N SRNS FSGS
A329§1— °'450g+2T> Splice Hom Splice - - - NR 6 mo F Arabic Y 2 N SRNS FSGS
A59_21 c.4887del p'A16%OQfS*4 Hom FS - - - NR 7 mo F Turkish N 1 N SRNS FSGS
B354 2 | c.4978 4981 | | 01660Lfs*9 | Hom FS . . ; NR 1 M Arabic Y 2 N SRNS DMS

2 CAGA
A4654 .

21 c.5521A>G p.-K1841E Hom Sc Del DC 1 NR 4 F Arabic Y N SRNS FSGS
2
A426§4— c.5521A>G p-K1841E Hom Sc Del DC 1 NR 24 F Arabic Y N SRNS FSGS
A32829— c.5521A>G p-K1841E Hom Dm Del DC 1 NR 7 mo M Arabic Y 1 N SRNS FSGS
In-
B1432_ | ¢.5950_5952 .
24 delAAC p.N1984del Hom fr:;rlle - - - 0.5 M Arabic Y 1 N SRNS FSGS
A4043 c.5951- In-
21 | 5953delACA p.N1984del Hom fr:;rlle - - - NR 6 mo M Arabic Y 1 N SRNS FSGS
In-
A5;Z1— °'59%155953 pN1984del | Hom | frame ; ; . NR 5 Male | Arabic Y 2 N SRNS FSGS
del.
A280.2 1 c.665G>A p.R222Q Hom | bom | pel | bcC 1 0/2/120744 25 M Asian Y 3 Y SRNS FSGS
B46 c.1037G>T p.S3461 Hom Sc Del DC 1 NR unk unk unk Y unk Y . De:-_ No bx
identified
B56 c.1037G>T p.S3461 Hom Sc Del DC 1 NR unk unk unk Y unk Y . D‘?‘. No bx
identified
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AGXT

A9215—2 c.1736C>A p.S579* Hom Trunc. - - - NR 29 M Arabic 1 SRNS FSGS
A1683 .
21 c.1756C>T p.R586W Hom Dm Del DC 1 0/1/121386 7.6 M Turkish 1 SRNS FSGS
F1367 ESRD,
21~ c.1756C>T p.R586W Hom Dm Del DC 1 0/1/121386 4 F unk 1 FSGS on FSGS
bx
B1067 c.1822T>C p.F608L Hom Dm Del DC 1 NR 14 M Arabic 1 SRNS FSGS
B672_2 .
1 c.1940A>C p.-K647T Hom Dm Del DC 1 NR 6 F Arabic 2 SRNS No bx
B142_2 .
2 €.2290C>T p.R764W Hom Dm Del DC 1 NR 8 M Arabic SRNS FSGS
B1319_ | ¢ 2290c5T p.R764W Hom | bm | pel | DC 1 NR unk F African/ 1 SRNS MPGN
21 Arabic
Nephrotic
B1134 range
21~ c.2542G>T p.E848* Hom Trunc. - - - 0/14/121298 11 M C/IE 1 proteinuria, FSGS
FSGS on
bx
A4685 .
21 c.523C>T p.R175W Het Dr Del DC 1 NR 7 F Arabic 1 SRNS FSGS
A5262_ [ 6o6C>T p.P209L Hom Dr Tol | DC 1 0/8/121264 8 F African/ 1 SRNS FSGS
21 Arabic
A5002 .
21 c.2569G>A p.Ala857Thr Hom Ce Del DC 0.983 NR 5 mo M Asian 1 SRNS No bx
B49 c.287G>A p.R96K Hom Dr Tol DC 1 NR <1y M unk 2 SRNS No bx
B129_2 .
1 c.703C>T p.Q235* Hom Trunc. - - - NR 3 M Arabic 2 SRNS No bx
s De-
B41 c.940C>T p.Q315 Hom Trunc. - - - NR unk unk unk unk identified No bx
Other-
focal
BI0IS_ | c1432:5G> Splice Het | splice | - ; ; NR 3 F Arabic 1 SRNS | Mesandi
prolifera
tion
B1214_ | c1432:5G> Splice Het | splice | - - . NR 5 F CIE 1 SRNS No bx
A63_21 c.33dup p.K12Qfs*156 Hom FS - - - NR 4 mo M Turkish 1 SRNS No bx
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B465_2 " . De-
3 c.863G>A p. W288 Hom Trunc. - - - NR 4 mo M Arabic Y 3 unk identified No bx
A3094 .
CLCN5 22 c.933G>C p.E311D Hemi Sc Del DC 1 NR 12 M CIE Y 2 Y SRNS FSGS
A1221 .
21 = c.4825C>T p-Arg1609 Het Trunc. - - - 0/3/121000 5 F CIE N Y SRNS FSGS
COL4A3 2
A1221_ [ 4ea5CsT p.Arg1609* Het | Trunc. - - - 0/3/121000 5 M CIE N Y SRNS Other -
22 Alport's
A4644_ | 3088G>A p.G1030S | Hemi | Dm | Del | DC | 0.999 NR unk | unk unk unk unk unk | . Pe No bx
21 identified
A2058_ . . .
21 c.3722G>A p.G1241D Hemi Dr Del DC 1 NR 16 M Hispanic N >3 N SRNS FSGS
COL4A5 A169 2
1 c.3722G>A p.G1241D Hemi Dr Del DC 1 NR 11 mo M Turkish Y N SRNS MPGN
A169 2 2 Other -
2" c.3722G>A p.G1241D Hemi Dr Del DC 1 NR unkn M Turkish Y N SRNS Cresentr
ic GN
B249_2 | ¢.809_811de In-
1 ' 1 p-S270del Hom frame - - - 0/1/120874 4 F Arabic Y N SRNS No bx
del.
In-
CTNS B2429—2 c.809_|811de p.-S270del Hom frame - - - 0/1/120874 4 F Arabic Y 4 N SRNS No bx
del.
In-
BZﬁ9_3 c.809_|811de p-S270del Hom frame - - - 0/1/120874 unk F Arabic Y N SRNS No bx
del.
Other -
FN1 A4936_ c.6836T>C p.V2279A Het Dr Del DC 0.696 NR 1 F CIE N 2 N SRNS IgM
21 nephrop
athy
B912_2 Other -
GLA 1 c.504A>C p. K168N Hemi Dr Del DC 1 NR 14 M Arabic Y 1 Y SRNS Fabry's
disease
B1119 Other/mul
WDR19 21~ c.3533G>A p.R1178Q Hom Ce T DC 0.948 0/9/69008 1 M tiple N 2 Y SRNS DMS
races

Ce, Caenorhabditis elegans; Cs, Ciona savignyi; DC, disease causing; Del, deleterious; Dm, Drosophila melanogaster; DMS, diffuse
mesangial sclerosis; do, days old; Dr, Danio rerio; F, female; FSGS, focal segmental glomerulosclerosis; GN, glomerulonephritis; Hom,
homozygous; Het, heterozygous; Hemi, Hemizygous; indiv., individual; M, male; Mm, Mus musculcus; mo, months old; MPGN,
membranoproliferative glomerulonephritis; MT, MutationTaster; NR, not reported; PPi, Polyphene score. Sc, Saccharomyces
cerevisiae; SFT, SIFT; SRNS, steroid-resistant nephrotic syndrome; Tol, tolerated; Xt, Xenopus tropicalis. Orange shading indicates a
gene that is a phenocopy for steroid-resistant nephrotic syndrome.
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Unknown/not indicated- 8,1, 43 (15%, 1.9%, 83%)
Roma- 1,0, 0 (100%, 0%, 0%)

Ashkenazi Jewish- 0, 0, 1 (0%, 0%, 100%) [ Causative mutation
in SRNS gene
Other/multiple races indicated-||:| 1,1,4 (17%, 17%, 67%) detected
» Arabic and Asian-{_] 0, 0, 9 (0%, 0%, 100%)
2 African/African American] | 2, 0, 6 (25%, 0%, 75%) S Causative mutation in a
£ phenocopy gene
° African and Arabic-{] | 4,0, 11 (27%, 0%, 73%) detected
o
g Asian{] | 7,0, 14 (33%, 0%, 67%) N ;
O causative
Hispanic/Latinoq] | 2, 1, 19 (9%, 4.5%, 86%) mutation
Turkish{ ]| | 12, 2, 15 (41%, 6.9%, 52%) detected
European/CaucasianJ| | 8,3,48 (14%, 5.1%, 81%)
Arabic- I | 29, 3, 45 (38%, 3.9%, 58%)
Total families enrolled- 74 |11 215 | (25%, 3.7%, 72%)
" —y
Q N} N O
N " oS

Number of families

Supplementary Figure 1: Distribution of families regarding gene identification status (steroid-resistant nephrotic
syndrome (SRNS) gene, phenocopy gene, no mutation detected for race or ethnicity in 335 individuals with SRNS
from 300 families. Families in whom a causative mutation in a known steroid-resistant nephrotic syndrome gene (blue) or
a phenocopy gene (orange) was detected as compared to those families in whom no causative mutation was detected
(gray). Bars and numbers represent number of affected individuals in each race or ethnic category, divided into those
with a causative mutation detected in an steroid-resistant nephrotic syndrome gene (blue), those with a causative
mutation detected in a phenocopy gene (orange) and those without a causative mutation detected (gray). Percent at end
of each bar reflect the same three categories. Percents >10% are rounded to the nearest whole number. Percent of each
race or ethnicity per total cohort population or per total population with a mutation detected in an steroid-resistant
nephrotic syndrome or phenocopy gene is shown in Supplementary Table 6. Families from Saudi Arabia were identified
as Arabic and Asian, and a portion of families from Egypt identified as Arabic and African.
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Patients without 58, 7, 154 (27%, 3.2%, 70%)

extra-renal manifestions |

Patients with i o o o p=08
extra-renal manifestions 22, 6, 63 (24%, 6.6%, 69%)
Total patients enrolled- 81 15 239 (24%, 4.5%, 79%)

Unknown/de-identified sample-] 1,2, 22 (4%, 8%, 88%)

N

N o
WS oS

N
,19

Number of patients
3 Causative mutation in SRNS gene detected

3 Causative mutation in phenocopy gene
detected

1 No causative mutation detected

Supplementary Figure 2: Distribution of affected individuals regarding gene identification status (steroid-
resistant nephrotic syndrome (SRNS) gene, phenocopy gene, or no mutation detected) for extra-renal (additional
systemic) manifestations in 335 individuals with steroid-resistant nephrotic syndrome from 300 families. Families in
whom a causative mutation in a known steroid-resistant nephrotic syndrome gene (blue) or a phenocopy gene (orange)
was detected are compared with those families in whom no causative mutation was detected (gray). Bars and numbers
represent number of affected individuals in each category, divided into those with a causative mutation detected in an
steroid-resistant nephrotic syndrome gene (blue), those with a causative mutation detected in a phenocopy gene (orange)
and those without a causative mutation detected (gray). Percent at end of each bar reflect the same three categories.
Percents >10% are rounded to the nearest whole number. Percent of each category per total cohort population or per
total population with a mutation detected is shown in Supplementary Table 7. Rate of mutation identification in an
steroid-resistant nephrotic syndrome gene in patients with extra-renal manifestations was not statistically different than
those who did not have syndromic features by two-sided chi squared test (p=0.8).
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Nephrotic range proteinuria, |
FSGS or DMS of biopsy :I 1,0, 6 (14%, 0%, 86%)

Nephrotic syndrome,
FSGS or DMS on biopsy

[ Causative mutation in SRNS gene detected

:| 0, 0, 6 (0%, 0%, 100%)

ESRD on presentation, |

@ Causative mutation in phenocopy gene detected
FSGS or DMS on biopsy ] 1,0, 3 (25%, 0%, 75%)

Nephroti . .
E;gDrg:;fg:ednr&?g;,- 1,0, 0 (100%, 0%, 0%) 1 No causative mutation

detected
Infantile NS-] 1,0, 8 (11%, 0%, 89%)

CNSH 17,0, 15 (53%, 0%, 47%)
SRNS- 48, 9, 148 (23%, 4.4%, 72%)
De-identified sample- 5,2,29 (14%, 5.6%, 81%)
Total families enrolled- 74 11 215 (25%, 3.7%, 72%)
T T T
N & > o

Number of families

Supplementary Figure 3: Distribution of families regarding gene identification status (steroid-resistant nephrotic
syndrome (SRNS) gene, phenocopy gene, or no mutation detected) for clinical diagnosis in 300 families with
steroid-resistant nephrotic syndrome. Families in whom a causative mutation in a known steroid-resistant nephrotic
syndrome gene (blue) or a phenocopy gene (orange) was detected are compared with those families where no causative
mutation was detected (gray). Bars and numbers represent number of families in each category, divided into those
families with a causative mutation detected (blue), those families with a causative mutation detected in a phenocopy gene
(orange) and those families without a causative mutation detected (gray). Percent at end of each bar reflect the same
three categories. Percents >10% are rounded to the nearest whole number. Percent of each category per total cohort
population or per total population with a mutation detected in an steroid-resistant nephrotic syndrome gene or phenocopy
gene is shown in Supplementary Table 8. CNS, congenital nephrotic syndrome; DMS, diffuse mesangial sclerosis:
ESRD, end stage renal disease; FSGS, focal segmental glomerulosclerosis; NS, nephrotic syndrome.
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omer{ 11 |4, 4,12 (20%, 20%, 60%)
Membranous N 0, 0, 1 (0%, 0%, 100%) @ Causative mutation in SRNS gene detected
% CNS/Finnish type_ﬂ] 1,0, 4 (20%, 0%, 80%) @ Causative mutation in phenocopy gene detected
_% MPGN _mj 2,1, 7 (20%, 10%, 70%) [ No causative mutation detected
©
E’ mens 4,0, 16 (20%, 0%, 80%)
[e]
2 oms| | 2,1,11 (14%, 7.1%, 79%)
FSGS - | 37, 3, 113 (24%, 2%, 74%)
No bx data available - 31 ‘ 6 ‘ 75 ‘(28%, 5.4%, 67%)
Q o > &>
Number of patients

Supplementary Figure 4: Distribution regarding gene identification status (steroid-resistant nephrotic syndrome
(SRNS) gene, phenocopy gene, or no mutation detected) for histologic diagnosis in 335 affected individuals with
steroid-resistant nephrotic syndrome from 300 families. Individuals in whom a causative mutation in a known steroid-
resistant nephrotic syndrome gene (blue) or a phenocopy gene (orange) was detected are compared with those families
where no causative mutation was detected (gray). Bars and numbers at end of bars represent total number of affected
individuals in each race or ethnic category, divided into those with a causative mutation detected in an steroid-resistant
nephrotic syndrome gene (blue), those with a causative mutation detected in a phenocopy gene (orange) and those
without a causative mutation detected (gray). Percent at end of each reflect the same three categories. Percents >10%
are rounded to the nearest whole number. Percent of each category per total cohort population or per total population
with a mutation detected is shown in Supplementary Table 8. CNS, congenital nephrotic syndrome; DMS, diffuse
mesangial sclerosis; FSGS, focal segmental glomerulosclerosis; GN, glomerulonephritis; MCNS, minimal change
nephrotic syndrome; MPGN, membranoproliferative glomerulonephritis.

19



Supplemental material is neither peer-reviewed nor thoroughly edited by CJASN. The authors alone are responsible for the accuracy and
presentation of the material.

References

1

N

. Kaplan JM, Kim SH, North KN, Rennke H, Correia LA, Tong HQ, Mathis BJ, Rodriguez-Perez JC,
Allen PG, Beggs AH, Pollak MR: Mutations in ACTN4, encoding alpha-actinin-4, cause familial
focal segmental glomerulosclerosis. Nat Genet, 24: 251-256, 2000

. Ashraf S, Gee HY, Woerner S, Xie LX, Vega-Warner V, Lovric S, Fang H, Song X, Cattran DC,
Avila-Casado C, Paterson AD, Nitschke P, Bole-Feysot C, Cochat P, Esteve-Rudd J,
Haberberger B, Allen SJ, Zhou W, Airik R, Otto EA, Barua M, Al-Hamed MH, Kari JA, Evans J,
Bierzynska A, Saleem MA, Bockenhauer D, Kleta R, El Desoky S, Hacihamdioglu DO, Gok F,
Washburn J, Wiggins RC, Choi M, Lifton RP, Levy S, Han Z, Salviati L, Prokisch H, Williams
DS, Pollak M, Clarke CF, Pei Y, Antignac C, Hildebrandt F: ADCK4 mutations promote steroid-
resistant nephrotic syndrome through CoQ10 biosynthesis disruption. J Clin Invest, 123: 5179-
5189, 2013

. Gee HY, Saisawat P, Ashraf S, Hurd TW, Vega-Warner V, Fang H, Beck BB, Gribouval O, Zhou
W, Diaz KA, Natarajan S, Wiggins RC, Lovric S, Chernin G, Schoeb DS, Ovunc B, Frishberg
Y, Soliman NA, Fathy HM, Goebel H, Hoefele J, Weber LT, Innis JW, Faul C, Han Z,
Washburn J, Antignac C, Levy S, Otto EA, Hildebrandt F: ARHGDIA mutations cause
nephrotic syndrome via defective RHO GTPase signaling. J Clin Invest, 123: 3243-3253, 2013

. Kim JM, Wu H, Green G, Winkler CA, Kopp JB, Miner JH, Unanue ER, Shaw AS: CD2-associated
protein haploinsufficiency is linked to glomerular disease susceptibility. Science, 300: 1298-
1300, 2003

. Diomedi-Camassei F, Di Giandomenico S, Santorelli FM, Caridi G, Piemonte F, Montini G,

Ghiggeri GM, Murer L, Barisoni L, Pastore A, Muda AO, Valente ML, Bertini E, Emma F:
COQ2 nephropathy: a newly described inherited mitochondriopathy with primary renal
involvement. J Am Soc Nephrol, 18: 2773-2780, 2007

. Heeringa SF, Chernin G, Chaki M, Zhou W, Sloan AJ, Ji Z, Xie LX, Salviati L, Hurd TW, Vega-

Warner V, Killen PD, Raphael Y, Ashraf S, Ovunc B, Schoeb DS, McLaughlin HM, Airik R,
Vlangos CN, Gbadegesin R, Hinkes B, Saisawat P, Trevisson E, Doimo M, Casarin A,
Pertegato V, Giorgi G, Prokisch H, Rotig A, Nurnberg G, Becker C, Wang S, Ozaltin F,
Topaloglu R, Bakkaloglu A, Bakkaloglu SA, Muller D, Beissert A, Mir S, Berdeli A, Varpizen S,
Zenker M, Matejas V, Santos-Ocana C, Navas P, Kusakabe T, Kispert A, Akman S, Soliman
NA, Krick S, Mundel P, Reiser J, Nurnberg P, Clarke CF, Wiggins RC, Faul C, Hildebrandt F:
COQ6 mutations in human patients produce nephrotic syndrome with sensorineural deafness.
J Clin Invest, 121: 2013-2024, 2011

. Ebarasi L, Ashraf S, Bierzynska A, Gee HY, McCarthy HJ, Lovric S, Sadowski CE, Pabst W, Vega-

Warner V, Fang H, Koziell A, Simpson MA, Dursun |, Serdaroglu E, Levy S, Saleem MA,
Hildebrandt F, Majumdar A: Defects of CRB2 cause steroid-resistant nephrotic syndrome. Am
J Hum Genet, 96: 153-161, 2015

. Sadowski CE, Lovric S, Ashraf S, Pabst WL, Gee HY, Kohl S, Engelmann S, Vega-Warner V, Fang

H, Halbritter J, Somers MJ, Tan W, Shril S, Fessi |, Lifton RP, Bockenhauer D, El-Desoky S,
Kari JA, Zenker M, Kemper MJ, Mueller D, Fathy HM, Soliman NA, Group SS, Hildebrandt F: A
single-gene cause in 29.5% of cases of steroid-resistant nephrotic syndrome. J Am Soc
Nephrol, 26: 1279-1289, 2015

. Gee HY, Sadowski CE, Aggarwal PK, Porath JD, Yakulov TA, Schueler M, Lovric S, Ashraf S,

Braun DA, Halbritter J, Fang H, Airik R, Vega-Warner V, Cho KJ, Chan TA, Morris LG, ffrench-
Constant C, Allen N, McNeill H, Buscher R, Kyrieleis H, Wallot M, Gaspert A, Kistler T, Milford
DV, Saleem MA, Keng WT, Alexander Sl, Valentini RP, Licht C, Teh JC, Bogdanovic R, Koziell
A, Bierzynska A, Soliman NA, Otto EA, Lifton RP, Holzman LB, Sibinga NE, Walz G, Tufro A,

20



Supplemental material is neither peer-reviewed nor thoroughly edited by CJASN. The authors alone are responsible for the accuracy and
presentation of the material.

Hildebrandt F: FAT1 mutations cause a glomerulotubular nephropathy. Nat Commun, 7:
10822, 2016

10. Brown EJ, Schlondorff JS, Becker DJ, Tsukaguchi H, Uscinski AL, Higgs HN, Henderson JM,
Pollak MR: Mutations in the formin gene INF2 cause focal segmental glomerulosclerosis. Nat
Genet, 42: 72-76,

11. Has C, Sparta G, Kiritsi D, Weibel L, Moeller A, Vega-Warner V, Waters A, He Y, Anikster Y,
Esser P, Straub BK, Hausser |, Bockenhauer D, Dekel B, Hildebrandt F, Bruckner-Tuderman
L, Laube GF: Integrin alpha3 mutations with kidney, lung, and skin disease. N Engl J Med,
366: 1508-1514, 2012

12. Gee HY, Zhang F, Ashraf S, Kohl S, Sadowski CE, Vega-Warner V, Zhou W, Lovric S, Fang H,
Nettleton M, Zhu JY, Hoefele J, Weber LT, Podracka L, Boor A, Fehrenbach H, Innis JW,
Washburn J, Levy S, Lifton RP, Otto EA, Han Z, Hildebrandt F: KANK deficiency leads to
podocyte dysfunction and nephrotic syndrome. J Clin Invest, 125: 2375-2384, 2015

13. Zenker M, Aigner T, Wendler O, Tralau T, Muntefering H, Fenski R, Pitz S, Schumacher V,
Royer-Pokora B, Wuhl E, Cochat P, Bouvier R, Kraus C, Mark K, Madlon H, Dotsch J, Rascher
W, Maruniak-Chudek I, Lennert T, Neumann LM, Reis A: Human laminin beta2 deficiency
causes congenital nephrosis with mesangial sclerosis and distinct eye abnormalities. Hum Mol
Genet, 13: 2625-2632, 2004

14. Boyer O, Woerner S, Yang F, Oakeley EJ, Linghu B, Gribouval O, Tete MJ, Duca JS, Klickstein L,
Damask AJ, Szustakowski JD, Heibel F, Matignon M, Baudouin V, Chantrel F, Champigneulle
J, Martin L, Nitschke P, Gubler MC, Johnson KJ, Chibout SD, Antignac C: LMX1B mutations
cause hereditary FSGS without extrarenal involvement. J Am Soc Nephrol, 24: 1216-1222,
2013

15. Mele C, latropoulos P, Donadelli R, Calabria A, Maranta R, Cassis P, Buelli S, Tomasoni S, Piras
R, Krendel M, Bettoni S, Morigi M, Delledonne M, Pecoraro C, Abbate |, Capobianchi MR,
Hildebrandt F, Otto E, Schaefer F, Macciardi F, Ozaltin F, Emre S, Ibsirlioglu T, Benigni A,
Remuzzi G, Noris M: MYO1E mutations and childhood familial focal segmental
glomerulosclerosis. N Engl J Med, 365: 295-306, 2011

16. Kestila M, Lenkkeri U, Mannikko M, Lamerdin J, McCready P, Putaala H, Ruotsalainen V, Morita
T, Nissinen M, Herva R, Kashtan CE, Peltonen L, Holmberg C, Olsen A, Tryggvason K:
Positionally cloned gene for a novel glomerular protein--nephrin--is mutated in congenital
nephrotic syndrome. Mol Cell, 1: 575-582, 1998

17. Boute N, Gribouval O, Roselli S, Benessy F, Lee H, Fuchshuber A, Dahan K, Gubler MC, Niaudet
P, Antignac C: NPHS2, encoding the glomerular protein podocin, is mutated in autosomal
recessive steroid-resistant nephrotic syndrome. Nat Genet, 24: 349-354, 2000

18. Braun DA, Sadowski CE, Kohl S, Lovric S, Astrinidis SA, Pabst WL, Gee HY, Ashraf S, Lawson
JA, Shril S, Airik M, Tan W, Schapiro D, Rao J, Choi WI, Hermle T, Kemper MJ, Pohl M,
Ozaltin F, Konrad M, Bogdanovic R, Buscher R, Helmchen U, Serdaroglu E, Lifton RP, Antonin
W, Hildebrandt F: Mutations in nuclear pore genes NUP93, NUP205 and XPOS5 cause steroid-
resistant nephrotic syndrome. Nat Genet, 48: 457-465, 2016

19. Barua M, Stellacci E, Stella L, Weins A, Genovese G, Muto V, Caputo V, Toka HR,
Charoonratana VT, Tartaglia M, Pollak MR: Mutations in PAX2 associate with adult-onset
FSGS. J Am Soc Nephrol, 25: 1942-1953, 2014

20. Lopez LC, Schuelke M, Quinzii CM, Kanki T, Rodenburg RJ, Naini A, Dimauro S, Hirano M: Leigh
syndrome with nephropathy and CoQ10 deficiency due to decaprenyl diphosphate synthase
subunit 2 (PDSS2) mutations. Am J Hum Genet, 79: 1125-1129, 2006

21. Hinkes B, Wiggins RC, Gbadegesin R, Vlangos CN, Seelow D, Nurnberg G, Garg P, Verma R,
Chaib H, Hoskins BE, Ashraf S, Becker C, Hennies HC, Goyal M, Wharram BL, Schachter AD,

21



Supplemental material is neither peer-reviewed nor thoroughly edited by CJASN. The authors alone are responsible for the accuracy and
presentation of the material.

Mudumana S, Drummond I, Kerjaschki D, Waldherr R, Dietrich A, Ozaltin F, Bakkaloglu A,
Cleper R, Basel-Vanagaite L, Pohl M, Griebel M, Tsygin AN, Soylu A, Muller D, Sorli CS,
Bunney TD, Katan M, Liu J, Attanasio M, O'Toole J F, Hasselbacher K, Mucha B, Otto EA,
Airik R, Kispert A, Kelley GG, Smrcka AV, Gudermann T, Holzman LB, Nurnberg P,
Hildebrandt F: Positional cloning uncovers mutations in PLCE1 responsible for a nephrotic
syndrome variant that may be reversible. Nat Genet, 38: 1397-1405, 2006

22. Barua M, Shieh E, Schlondorff J, Genovese G, Kaplan BS, Pollak MR: Exome sequencing and in
vitro studies identified podocalyxin as a candidate gene for focal and segmental
glomerulosclerosis. Kidney Int, 85: 124-133, 2014

23. Lovric S, Goncalves S, Gee HY, Oskouian B, Srinivas H, Choi WI, Shril S, Ashraf S, Tan W, Rao
J, Airik M, Schapiro D, Braun DA, Sadowski CE, Widmeier E, Jobst-Schwan T, Schmidt JM,
Girik V, Capitani G, Suh JH, Lachaussee N, Arrondel C, Patat J, Gribouval O, Furlano M,
Boyer O, Schmitt A, Vuiblet V, Hashmi S, Wilcken R, Bernier FP, Innes AM, Parboosingh JS,
Lamont RE, Midgley JP, Wright N, Majewski J, Zenker M, Schaefer F, Kuss N, Greil J, Giese
T, Schwarz K, Catheline V, Schanze D, Franke |, Sznajer Y, Truant AS, Adams B, Desir J,
Biemann R, Pei Y, Ars E, Lloberas N, Madrid A, Dharnidharka VR, Connolly AM, Willing MC,
Cooper MA, Lifton RP, Simons M, Riezman H, Antignac C, Saba JD, Hildebrandt F: Mutations
in sphingosine-1-phosphate lyase cause nephrosis with ichthyosis and adrenal insufficiency. J
Clin Invest, 127: 912-928, 2017

24. Boerkoel CF, Takashima H, John J, Yan J, Stankiewicz P, Rosenbarker L, Andre JL, Bogdanovic
R, Burguet A, Cockfield S, Cordeiro |, Frund S, lllies F, Joseph M, Kaitila I, Lama G, Loirat C,
McLeod DR, Milford DV, Petty EM, Rodrigo F, Saraiva JM, Schmidt B, Smith GC, Spranger J,
Stein A, Thiele H, Tizard J, Weksberg R, Lupski JR, Stockton DW: Mutant chromatin
remodeling protein SMARCAL1 causes Schimke immuno-osseous dysplasia. Nat Genet, 30:
215-220, 2002

25. Winn MP, Conlon PJ, Lynn KL, Farrington MK, Creazzo T, Hawkins AF, Daskalakis N, Kwan SY,
Ebersviller S, Burchette JL, Pericak-Vance MA, Howell DN, Vance JM, Rosenberg PB: A
mutation in the TRPC6 cation channel causes familial focal segmental glomerulosclerosis.
Science, 308: 1801-1804, 2005

26. Huynh Cong E, Bizet AA, Boyer O, Woerner S, Gribouval O, Filhol E, Arrondel C, Thomas S,
Silbermann F, Canaud G, Hachicha J, Ben Dhia N, Peraldi MN, Harzallah K, Iftene D, Daniel
L, Willems M, Noel LH, Bole-Feysot C, Nitschke P, Gubler MC, Mollet G, Saunier S, Antignac
C: A homozygous missense mutation in the ciliary gene TTC21B causes familial FSGS. J Am
Soc Nephrol, 25: 2435-2443, 2014

27. Colin E, Huynh Cong E, Mollet G, Guichet A, Gribouval O, Arrondel C, Boyer O, Daniel L, Gubler
MC, Ekinci Z, Tsimaratos M, Chabrol B, Boddaert N, Verloes A, Chevrollier A, Gueguen N,
Desquiret-Dumas V, Ferre M, Procaccio V, Richard L, Funalot B, Moncla A, Bonneau D,
Antignac C: Loss-of-function mutations in WDR73 are responsible for microcephaly and
steroid-resistant nephrotic syndrome: Galloway-Mowat syndrome. Am J Hum Genet, 95: 637-
648, 2014

28. Mendelsohn HB, Krauss M, Berant M, Lichtig C: Familial early-onset nephrotic syndrome: diffuse
mesangial sclerosis. Clinico-pathological study of a kindred. Acta Paediatr Scand, 71: 753-
758, 1982

29. Nishiyama K, Funai T, Katafuchi R, Hattori F, Onoyama K, Ichiyama A: Primary hyperoxaluria
type | due to a point mutation of T to C in the coding region of the serine:pyruvate
aminotransferase gene. Biochem Biophys Res Commun, 176: 1093-1099, 1991

22



Supplemental material is neither peer-reviewed nor thoroughly edited by CJASN. The authors alone are responsible for the accuracy and
presentation of the material.

30. Lemmink HH, Mochizuki T, van den Heuvel LP, Schroder CH, Barrientos A, Monnens LA, van
Oost BA, Brunner HG, Reeders ST, Smeets HJ: Mutations in the type IV collagen alpha 3
(COL4A3) gene in autosomal recessive Alport syndrome. Hum Mol Genet, 3: 1269-1273, 1994

31. Mochizuki T, Lemmink HH, Mariyama M, Antignac C, Gubler MC, Pirson Y, Verellen-Dumoulin C,
Chan B, Schroder CH, Smeets HJ, et al.: Identification of mutations in the alpha 3(IV) and
alpha 4(IV) collagen genes in autosomal recessive Alport syndrome. Nat Genet, 8: 77-81,
1994

32. Barker DF, Hostikka SL, Zhou J, Chow LT, Oliphant AR, Gerken SC, Gregory MC, Skolnick MH,
Atkin CL, Tryggvason K: Identification of mutations in the COL4AS collagen gene in Alport
syndrome. Science, 248: 1224-1227, 1990

33. Lloyd SE, Pearce SH, Fisher SE, Steinmeyer K, Schwappach B, Scheinman SJ, Harding B,
Bolino A, Devoto M, Goodyer P, Rigden SP, Wrong O, Jentsch TJ, Craig IW, Thakker RV: A
common molecular basis for three inherited kidney stone diseases. Nature, 379: 445-449,
1996

34. Town M, Jean G, Cherqui S, Attard M, Forestier L, Whitmore SA, Callen DF, Gribouval O, Broyer
M, Bates GP, van't Hoff W, Antignac C: A novel gene encoding an integral membrane protein
is mutated in nephropathic cystinosis. Nat Genet, 18: 319-324, 1998

35. Castelletti F, Donadelli R, Banterla F, Hildebrandt F, Zipfel PF, Bresin E, Otto E, Skerka C,
Renieri A, Todeschini M, Caprioli J, Caruso RM, Artuso R, Remuzzi G, Noris M: Mutations in
FN1 cause glomerulopathy with fibronectin deposits. Proc Natl Acad Sci U S A, 105: 2538-
2543, 2008

36. Bernstein HS, Bishop DF, Astrin KH, Kornreich R, Eng CM, Sakuraba H, Desnick RJ: Fabry
disease: six gene rearrangements and an exonic point mutation in the alpha-galactosidase
gene. J Clin Invest, 83: 1390-1399, 1989

37. Kantarci S, Al-Gazali L, Hill RS, Donnai D, Black GC, Bieth E, Chassaing N, Lacombe D,
Devriendt K, Teebi A, Loscertales M, Robson C, Liu T, MacLaughlin DT, Noonan KM, Russell
MK, Walsh CA, Donahoe PK, Pober BR: Mutations in LRP2, which encodes the multiligand
receptor megalin, cause Donnai-Barrow and facio-oculo-acoustico-renal syndromes. Nat
Genet, 39: 957-959, 2007

38. Ancient missense mutations in a new member of the RoRet gene family are likely to cause
familial Mediterranean fever. The International FMF Consortium. Cell, 90: 797-807, 1997

39. Attree O, Olivos IM, Okabe I, Bailey LC, Nelson DL, Lewis RA, Mclnnes RR, Nussbaum RL: The
Lowe's oculocerebrorenal syndrome gene encodes a protein highly homologous to inositol
polyphosphate-5-phosphatase. Nature, 358: 239-242, 1992

23



	4_NS_Exome_author_list_Warejko_cx01
	cjasn-0412-04-17-File006

