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Molecular diagnosis of Usher syndrome: evaluation of two different Next Generation Sequencing-based procedures
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SOLiD Exome sequencing.
For Agilent exome enrichment 3µg genomic DNA was required. We used  AB SOLiD optimized kits (Agilent, Santa Clara, CA, USA), following the manufacturer's instructions. Briefly for every 3 µg DNA, we diluted the genomic DNA and, using a Covaris station, sheered the genomic DNA to 150 base pair. The purified obtained sample were ends repaired, adaptor legated and the obtained library amplified according to SureSelect Target Enrichment protocol. The final step of Hybrid Capture Selection provided an Enriched library that has been quality assessed with Agilent 2100 Bioanalyzer. The enriched exome libraries were subsequently used for e-PCRs following manufacturer's instructions (Life Technologies, Carlsbad, CA, USA), based on a library concentration of 0.5pM. Sequencing was performed using SOLiD3 or SOLiD4 system that involves ligation-based sequencing and a two-base encoding method in which four fluorescent dyes are used to tag various combinations of dinucle tides. Its accuracy in sequencing is estimated at approximately 99.94%. SOLiD data were initially processed using the Applied Biosystems ICS software to obtain primary sequence analysis consisting of image analysis and base‐calling colorspace fasta sequences with quality scores. Color space reads were first color-corrected using SOLiD Accuracy Enhancer Tool (SAET). The corrected reads were mapped to the GRCh37 reference genome with the SOLiD BioScope software v1.3 [1] with the local mapping mode and utilizing and iterative mapping approach. After duplicate read removal performed with Picard [2] or Samtools, single nucleotide variants were called with the diBayes algorithm [3] using medium stringency settings. Small insertions and deletions were detected using  the SOLiD Small Indel Fragment Tool [1]. Called single nucleotide variants and in-dels were combined, annotated and inserted in a local variation database using a custom analysis pipeline. Annotation was performed with ANNOVAR [4], including the relative position in genes using RefSeq [5] gene model, amminoacid change, presence in dbSNP[6], frequency in 1000 genomes samples [7], conservation and different prediction scores of protein damage [8, 9, 10,11].Specific changes for 50bp fragment chemistry and 50+35bp pair-end data are reported in the following table.  
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Library Type

SOLID3 Fragment

SOLiD4 Fragment

SOLiD4 Pair-End

Read length F3 50bp 50bp 50bp
Read length F5-P2 - - 35bp
Read length Barcoding - 5bp 5bp
mapping.valid.adjacent 1 0 0
mapping.scheme.unmapped.50 25.2.0,25.2.15 25.2.0,25.2.25 25.2.0,25.2.15
clear.zone 3 5 5
ma.to.bam.clear.zone 3 5 5
ma.to.bam.correct.to singles reference reference





TruSeq Exome Enrichment on HiseqSQ.

For exome enrichment 1µg of genomic DNA was required as starting matherial an enriched with Illumina  TruSeq Exome Enrichment kit, which inludes more than 340.000 95mer probes targeting exonic sequences of ~20.794 genes.While the sum length of these probes is 32M, the kit actually targets 62Mb of the human genome. Briefly for every 1µg  of genomic DNA a human DNA library was prepared using the Illumina® TruSeqTM DNA Sample Prep Kit , following the manufacturer's instructions. For every 1 µg DNA, we dilute the genomic DNA and using a Covaris station we sheered the genomic DNA to 300 base pair. The purified obtained sample has been ends repaired, 3’ adenilated  nd adaptor ligated using the the appropriate DNA Adapter Index tubes.The obtained library has been PCR amplified  to selectively enrich those DNA fragments that have adapter molecole on both ends.The final purified product has been quantitated using both qPCR and Agilent 2100 Bioanalyzer (Agilent), 500 ng of each DNA library has been used to exome capture after pooling of 4 librares. Data from TruSeq Exome Enrichment has been used only for the Different Enrichment approaches comparison.

Different Enrichment approaches show different coverage for the 9 Usher genes.
For this analysis, we used four different commercial in solution Exome Enrichment Kits prior to high throughput sequencing. In the analysis we focused only on the coding region of the nine genes known to be involved in Usher Syndrome. Our comparison (Figure S1) clearly shows that even considering a minimum coverage of 1 the percentage of coding base pair sequenced range from a maximum of 97% obtained with the Agilent SureSelect 50MB and Illumina TrueSeq Exome enrichment, to a minimum of 71% obtained with the Agilent SureSelect V1.0 showing that variability of these method reflect exactly the extent of overlap between enrichment probes and exons. In a whole exome enrichment the exons of Usher genes represent only a small portion of the enrichment (Figure S4) and, as expected, the percentage of sequenced regions drops upon increasing the depth demand on all the Enrichment methods but the slope is less severe in the case of a Long-PCR approach compared with any Whole Exome Sequencing (Figure S1, left panel). Interestingly considering a threshold of 50% Usher Exons bp sequenced, we can push the system to a maximun coverage of 8x for Agilent SureSelect 38Mb, 13x for Agilent SureSelect 48Mb and a 24x coverage in the case of Agilent SureSelect 50Mb even if the latest has been sequenced using Fragment libraries on Solid3 system and the previous two using a Pair-end libraries on Solid4 system. This confirms that the shown slope is more dependent on the enrichment method than on the overall sequence produced (see also Figure S8). Examining the curve gene by gene (Figure S2) we can appreciate for example that in the specific case of USH2A, the Agilent SureSelect 50MB enrichment shows a worse performance compared with all the others.
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