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DNA extraction

Genomic DNA was extracted from 200 μL of EDTA-anti-coagulated blood using the High-throughput EZ1 Advanced XL DNA purification system (EZ1 DNA Blood 200 µL Kit – Qiagene, Hilden, Germany). DNA concentration was measured spectrophotometrically (NanoDrop 2000/2000c, Thermo Fisher Scientific, Waltham, MA USA). 
Sanger sequencing
Conventional PCR amplifications and mutation analysis was performed using an ABI Genetic Analyzer 3500 (Thermo Fisher Scientific, Waltham, MA USA) 1[]
. Data analysis was performed using SeqPilot software (JSI Medical Systems Software, version 4.3.1; hg19, GRCh37). Each DNA sample was diluted in water to a final concentration 10 ng/mL. 
Establishment of custom targeted NGS gene panel  
Conventional methods used to identify genomic DNA mutations in hereditary FSGS are time-consuming and expensive, due to the large size of the genes. The recent introduction of next generation sequencing (NGS) benchtop platforms is a great promise, which is rapidly revolutionizing genetic screening in diagnostic and clinical applications. We transferred our methodology for routine FSGS mutation screening (Sanger sequencing) to the Ion Torrent PGM platform with a new custom targeted NGS gene panel (Ion Ampliseq FSGS panel) and tested the performance of the system. Our FSGS panel comprised a target size of 74.204 kb covering 11 major FSGS genes (CD2AP, PLCE1, INF2, NPHS2, NPHS1, MYO1E, ACTN4, TRPC6, WT1, LMX1B and LAMB2). This panel was developed for diagnostic testing on FSGS genes in our patient.  FSGS genes were amplified using the Ion AmpliSeq FSGS panel, composed of two primer pools, covering 135 and 132 amplicons each and targeting all exons and at least 10–20 bp of intronic flanking sequences. DNA sample concentrations were 20 ng/mL. Each library for each sample was amplified in separate reactions; amplifications derived from each patient were marked with a unique bar-coded adapter, provided in the Ion Xpress Barcode Adapters 1–16 kit (Thermo Fisher Scientific), purified with AMPure XP reagent (Beckman Coulter, Brea, CA, USA) and further amplified and purified, under conditions provided by the manufacturer. Libraries were quantified using qPCR (QuantStudio 3 system, Thermo Fisher Scientific). Bar-coded libraries were pooled in equimolar concentrations and used as template for emulsion PCR, performed with the Ion PGM Template Hi-Q View OT2 Kit on the Ion One Touch 2 Instrument (Thermo Fisher Scientific). Enrichment of Ion Sphere Particles (ISPs) was carried out on the Ion One Touch ES Instrument (Thermo Fisher Scientific). Pre-enrichment ISP quality control was performed with the Ion Sphere Quality Control Assay (Thermo Fisher Scientific) on the Qubit 2.0 Fluorometer. Enriched ISPs were sequenced, using the Ion PGM Hi-Q View Sequencing Kit (Thermo Fisher Scientific), with Ion 314 chips and using 850-flow runs, on the Ion Torrent PGM platform (Thermo Fisher Scientific).  All steps were performed as per manufacturer's instructions of the kits used in the experiment. Raw sequence data were processed for base calling, demultiplexing, alignment to the hg19 human reference genome (GRCh37) and variant calling on the Ion Torrent Server (Thermo Fisher Scientific) using the Torrent Suite software version 5.6.0 and the variantCaller and coverageAnalysis plugins (Thermo Fisher Scientific), with parameters which were optimized and suggested by the manufacturer for the Ion AmpliSeq FSGS panel. Variant analysis was performed with the Ion Reporter 5.2 software (Thermo Fisher Scientific), which classifies variants as single nucleotide variations (SNVs), insertions or deletions (indels) or no calls in the case the base call does not pass filtering parameters and variant calling fails due to strand bias, low quality of bases or low coverage. Data analysis was performed using SeqNext software modules (JSI Medical Systems Software, version 4.3.1) customized and evaluated in our laboratory 1[]
. Validation runs showed accurate results, with a mean of >94% coverage of the targeted regions at a depth greater than 20x in our patient. Thus, the results reach the quality of other recently established NGS panels to detect genetic nephropathies using Illumina or Agilent platforms 
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 and Parkinson’s and non-FSGS kidney diseases using Ion torrent personal genome machine (PGM) sequencing 3[]
 
 ADDIN EN.CITE 
[4]
 
 ADDIN EN.CITE 
[5]
 
 ADDIN EN.CITE 
[6]
. A minimum depth of coverage of 20× for each base, sequenced on both strands and accounting for at least ≥20% of total reads at that position, is required for accurate detection of genetic variants in genomic mutations by Ion Torrent PGM NGS 
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[7]
. We confirmed these assumptions, since in those conditions all variants called by NGS were also revealed by Sanger sequencing. Further, the NGS workflow was able to successfully identify SNVs or correctly call reference sequence in FSGS genes also with a coverage >20× (up to 10×). Regions with a coverage of <20x were analyzed by Sanger sequencing, in particular regions of protein coding sequences (exons), 10-20 bp of intronic flanking sequences, both 3’ and 5’ UTRs of the regions and the promoter. Variants identified were classified according to relevant guidelines 
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.  Single nucleotide variants were assessed using hg19 GRCh37 and ClinVar reference genome databases 
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. In our patient, we detected DNA Variants occurring at a specific position in the FSGS gens under study, where each variation is present to some appreciable degree within a population (e.g. > 1%)  (Supplementary Table 1).   
Validation of the Ion Torrent PGM sequencing workflow for the routine rapid detection of FSGS genes mutations 

We first validated the Ion torrent PGM NGS approach in 6 patients who had previously undergone genetic diagnosis in our laboratory by conventional methods. Then, we tested 6 newly diagnosed and uncharacterized patients by NGS, and Sanger sequencing was used to confirm results from the NGS platform. In the validation cohort, all previously identified single nucleotide variants, insertions and deletions (also composed of multiple bases and within complex homopolymeric stretches) were identified by NGS in their correct zygosity status. NGS approach was further able to identify previously undetected variants. In the prospective cohort, all (100%) called variants were confirmed by Sanger. In both cohorts, the NGS method detected no false positive results but several homopolymer warnings, that were solved by Sanger.  These results are similar to data obtained by others using a similar Ion torrent PGM NGS approach for analyzing BRCA1 and BRCA2 germline mutations, albeit using apparently less weighting of the variations and larger patient cohorts 
 ADDIN EN.CITE 
[7]
.   

Testing these cohorts enabled us to validate the Ion torrent PGM NGS assay. Our results suggest that a panel-based approach using NGS is an efficient and cost-effective approach to the diagnosis of genetic FSGS and other nephropathies. Therefore, according to other recently published works, we highly recommend this system for routine diagnostic testing on FSGS genes, along with Sanger confirmation of the called variants, and support the usefulness of the approach also in other routine genetic analysis.
Supplementary Table 1. Detected DNA variants occurring at a specific position in the FSGS genes, where each variation is present to some appreciable degree within a population (e.g. > 1%). MAF, minor allele frequency. Homo, homozygous; hetero, heterozygous.  Most of the DNA variants were single nucleotide polymosphisms (SNPs).

	Gene
	Exon/Intron
	Protein
	DNA
	SNPID
	Zygosity
	MAF

	ACTN4
	1
	
	c.162+61 T>C
	rs2303040
	homo
	0.27

	ACTN4
	2
	
	c.277+29 G>C
	rs2112649
	homo
	0.67

	ACTN4
	5
	p.N182N
	c.546C>T
	rs3745859
	homo
	0.34

	CD2AP
	5‘UTR
	
	c.*-54T>A
	rs9349406
	homo
	0.95

	CD2AP
	12
	p.L402L
	c.1204C>T
	rs2039503
	homo
	0.98

	LAMB2
	14
	
	c.1890+25G>A
	rs9865051
	hetero
	0.90

	MYO1E
	1
	
	c.3+90G>T
	rs7175010
	homo
	0.99

	MYO1E
	4
	
	c.333-102dupT
	rs370028397
	hetero
	0.01

	MYO1E
	5
	
	c.421-66A>G
	rs7165587
	homo
	0.94

	MYO1E
	8
	
	c.778-56G>C
	rs2306780
	hetero
	0.49

	MYO1E
	8
	
	c.778-44G>A
	rs2306779
	hetero
	0.38

	MYO1E
	15
	
	c.1617-67G>A
	rs2306787
	hetero
	0.44

	MYO1E
	22
	
	c.2480+57C>T
	rs2306788
	hetero
	0.32

	MYO1E
	22
	
	c.2480+139T>C
	rs2306789
	hetero
	0.32

	MYO1E
	24
	p.A891A
	c.2673A>G
	rs2306791
	hetero
	0.26

	MYO1E
	26
	
	c.3080+30C>T
	rs11071408
	hetero
	0.09

	NPHS1
	3
	p.E117K
	c.349G>A
	rs3814995
	hetero
	0.29

	NPHS1
	10
	p.R408Q
	c.1223G>A
	rs33950747
	hetero
	0.02

	NPHS1
	28
	p.S1105S
	c.3315G>A
	rs2071327
	homo
	0.37

	NPHS1
	27
	
	c.3481+45C>T
	rs731934
	homo
	0.37

	NPHS2
	3’UTR
	
	c.*157G>A
	rs1410590
	hetero
	0.90

	PLCE1
	10
	
	c.3398-28C>G
	rs10786156
	hetero
	0.49

	PLCE1
	15
	
	c.4115+26A>C
	rs3740360
	hetero
	0.08

	PLCE1
	20
	p.R1575P
	c.4724G>C
	rs2274224
	hetero
	0.49

	PLCE1
	21
	
	c.4917+64A>G
	rs7084339
	hetero
	0.32

	PLCE1
	22
	
	c.5035+12C>A
	rs3736901
	hetero
	0.23

	PLCE1
	22
	
	c.5036-26T>A
	rs3740365
	hetero
	0.09

	PLCE1
	24
	p.T1777I
	c.5330C>T
	rs3765524
	hetero
	0.31

	PLCE1
	24
	
	c.5459-71C>A
	rs3818432
	hetero
	0.23

	PLCE1
	26
	p.H1927R
	c.5780A>G
	rs2274223
	hetero
	0.30

	PLCE1
	27
	
	c.6003+24A>G
	rs11187850
	hetero
	0.24

	PLCE1
	29
	p.V2108V
	c.6324C>G
	rs942676
	hetero
	0.09

	INF2
	2
	p.P35P
	c.105C>T
	rs4983530
	homo
	0.01

	INF2
	4
	
	c.668-90G>A
	rs7145815
	hetero
	0.13

	INF2
	4
	
	c.668-78T>G
	rs7146817
	hetero
	0.13

	INF2
	4
	
	c.668-31G>A
	rs7145851
	hetero
	0.13

	INF2
	14
	
	c.2310+8delA
	rs3840006
	hetero
	0.31

	INF2
	16
	
	c.2489+53A>C
	rs4983531
	hetero
	0.70

	INF2
	16
	
	c.2489+62G>C
	rs4983532
	hetero
	0.69

	INF2
	16
	
	c.2489+117C>T
	rs4983533
	hetero
	0.69

	INF2
	17
	
	c.2611-122G>C
	rs4497619
	homo
	0.89

	INF2
	17
	
	c.2611-84G>A
	rs10144190
	hetero
	0.54

	INF2
	18
	p.D880D
	c.2640T>C
	rs1013301
	homo
	0.91

	INF2
	22
	
	c.*2-48_*2-47delAC
	rs138798126
	hetero
	0.12
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