SUPPLEMENTARY METHODS
Design of Tiled Hybridization Capture Reagent for BRCA Gene Panel
Probe sequences within single copy intervals [1] in ATM, BRCA1, BRCA2, CDH1, CHEK2, PALB2, and TP53 were selected using PICKY 2.2 software [2]; settings set to 65ºC Tm, 30-70% GC content, 5 probes per sequence, 20 nt maximum overlap, all other settings default. PICKY will only report a maximum of 5 oligos per sequence analyzed. Therefore, gene sequences were split into 100 nt segments, overlapping by 50 nt. Probes were designed for both the forward and reverse strand of each gene. These overlapping and opposite-stranded sequences were run through PICKY separately; as the program would remove identical probes selected from two sequence segments (including probes which are reverse compliments of each other). This method helps result in significant probe overlap, which leads to a more efficient capture. If regions were lacking probes due to high/low %GC, the process was repeated with expanded GC settings (20% minimum or 80% maximum) and probes over those regions were added to the initial probe file. A Perl script entitled “Amalgamated-Post-Picky-Program” was written to perform 4 tasks: 1) MPI-BLAT (through Shared Hierarchical Academic Research Computing Network or SHARCNET [3]) each PICKY-selected oligo to the transcriptome and eliminate any which match elsewhere (< 1 hour on 16 nodes), 2) Eliminate redundant probes (i.e. removal of a smaller probe overlapped by a larger probe on the same strand), 3) Reduce highly overlapped regions by eliminating one of two near identical probes that differ by a 1 nt shift, and 4) Generate a BED genome browser track of the accepted oligos for visual evaluation of the coverage of the generated tiling array oligos.
Generating, Cleaving, and Purifying Tiled BRCA Microarray Oligos
Primer binding sites were added to each end of the designed capture oligos (5’ ATCGCACCAGCGTGTN36-70CACTGCGGCTCCTCA). The selected sequences were then synthesized onto two cleavable 12K microarray chips using a Combimatrix B3 CustomArray Synthesizer (CustomArray, Inc., Bothell, WA) in our laboratory, requiring approximately 48 hours. Forward and reverse strand oligos were placed on separate chips to avoid cross-hybridization between complementary strands, which could reduce capture efficiency.
The cleavable microarrays were treated with concentrated (14.5N) ammonium hydroxide at 65ºC for 4 hours. This served to break the sulfonyl-amidite bond linking the oligonucleotide to the microarray. The base was cooled, transferred into a microcentrifuge tube, and placed into a speed-vac for 1 hour at 65ºC. The resulting pellet was resuspended into 100uL of 1x TE buffer, and was then purified using a MicroSPIN DNA column (#11814419001, Roche, Indianapolis, IN). Purified oligos were then amplified by conventional PCR (25 cycles) using Kapa HiFi DNA Polymerase (#KK2602, KapaBiosystems, Wilmington, MA) (forward 5-CTGGGAATCGCACCAGCGTGT-3; reverse 5-CGTGGATGAGGAGCCGCAGTG-3).
[bookmark: _Toc237589583][bookmark: _Toc237590290][bookmark: _Toc237590858][bookmark: _Toc237591027][bookmark: _Toc237685906]The PCR product was purified using a Qiagen MinElute PCR Purification Kit (#28006, Qiagen, Valencia, CA) and then amplified again (25 additional cycles) using a forward primer with an SP6 promoter-binding site (5-CATACGATTTAGGTGACACTATAGAAATCGCACCAGCGTGT-3). Biotin-labelled RNA bait was generated from this product using a MAXIscript SP6 in vitro transcription kit (#AM1310, Ambion, Carlsbad, CA) with a UTP to biotin-16-UTP (#11388908910, Roche) ratio of 4 to 1.
Sample Preparation, Library Preparation, and Oligo Capture for Sequencing
Genomic DNA (gDNA) was previously extracted from whole blood using the MagNA Pure Compact Nucleic Acid Isolation kit I (#03730964001, Roche) and stored in 1x low TE buffer. Samples with inadequate available gDNA (< 3 μg) were whole genome amplified using the Illustra GenomiPhi V2 DNA Amplification Kit (#25-6600-30, GE Healthcare, Little Chalfont, UK). The gDNA was diluted to 100 ng/μL in a volume of 51 μL for S220 Focused-ultrasonicator (Covaris, Woburn, USA) shearing (150-300 nt fragments generated with the following settings: Time 120 sec, Duty cycle 10%, Intensity 5, and Cycles per burst 200).
The sheared samples were prepared using KAPA Biosystems Standard (KK8200, Kapa Biosystems) and High Throughput (KK8234, Kapa Biosystems) Library Preparation kits, following the manufacturer’s protocol. Standard Illumina paired-end and multiplex adapter oligos and primers (sequences provided by Illumina) were purchased from IDT (Coralville, IA). Adapters were hybridized together by mixing two oligos to a final concentration of 100 μM each, heating to 95ºC for 5 minutes on a thermocycler (Mastercycler pro, Eppendorf) and gradually cooling 0.1ºC/sec to 4ºC. Samples being treated were initially purified using Qiagen MinElute PCR purification kits and Sigma GenElute gel purification kits (#NA1111, Sigma, St. Louis, MO). Sample loss was greatly decreased by switching to DNA-binding Agencourt Ampure XP beads (#A63880, Beckman Coulter, Brea, CA), using the protocol described in Fisher et al. (2011), which allows the re-use of beads by the rebinding of DNA using a 20% polyethylene glycol (PEG) in a 2.5M NaCl solution and avoids gel extraction and column purification steps [4]. The switch to Ampure beads allowed for the automation of sample preparation using a Beckman Coulter BioMek FX workstation, increasing sample throughput to 32 samples processed simultaneously (end-repair, A-tailing, and adaptor ligation steps were performed on the BioMek FX along with all wash steps; PCR steps were performed separately in a thermocycler). The amplified library samples were then reduced to a volume of 6.8 μL using a SpeedVac concentrator prior to genomic capture.
Genes of interest were enriched with Tiled BRCA RNA bait, following a modified version of the hybridization selection protocol from Gnirke et al. (2009) [5]. Modifications which increased coverage include: a) an increase in sample quantity from 0.5 μg to half of the library prepared per capture (1 to 2 μg depending on sample prep yield), b) an RNA bait increase from 0.5 to 1.5 μg and, c) an increase in the quantity of M-280 streptavidin Dynabeads (#1205D, Invitrogen, Carlsbad, CA) from 50 μL to 75 μL to account for this increase in RNA bait concentration. Genomic sequences in each library sample were captured in two separate solutions, one for each strand of RNA bait (which were pooled at the end of the procedure). The capture was then incubated at 65ºC for 66-72 hours, in a thermocycler with the heated lid set to 80°C (to help reduce volume loss due to evaporation). Forward and reverse strand capture reactions for the same sample were then purified with streptavidin beads and mixed on a nutator (Adams Nutator, #1105, Clay Adams, Franklin Lakes, NJ) for 30 minutes at room temperature. Use of freshly transcribed RNA bait also greatly improved coverage values. These improvements enabled multiplexed sequencing (4 samples per lane), where the index was added during the post-hybridization amplification using standard Illumina Multiplex PCR Primers (#2, 4, 6, 7; chosen for index dissimilarity). After post-hybridization amplification, remaining primers were removed by Ampure bead purification. DNA samples were then quantified using qPCR following the protocol outlined by KAPA Library Quantification Kit for Illumina Platform (#KK4824, KAPA Biosystems). Samples were then pooled (if multiplexing), and treated to standard Illumina paired-end sequencing on a Genome Analyzer IIx. Read length was increased from 36x36 (sequencing batch 1 and 2) to 50x50 (batch 3) and finally to 70x7x70 (batch 4, 5 and 6) to maximize overall coverage.
Position Weight Matrix Generator (PoWeMaGen)
We have developed an information weight matrix generator designed to automatically create position weight matrices (PWMs). These PWMs are used to accurately predict and localize transcription factor binding sites (TFBSs) from genome-scale epigenetic data (i.e. ChIP-seq). The PoWeMaGen software engine, in its current implementation, is set to run exclusively on SHARCNET. The script, however, can easily be converted to run on different Linux-based platforms. The engine, outlined in Figure SM1 below, has three primary sections: Preliminary file processing, ChIP-seq data filtering, and the execution of the Bipad.
The PoMaWeGen model analyzer program acts as an intermediary in the model generation pipeline, beginning by processing of input, output, and run-time-dependent files. This input includes the epigenetic data, and if selected, the DNAse hypersensitivity data set (track: EncodeRegDnaseClusteredV3). The epigenetic data was filtered by intersection using intersectBed, from the BEDtools package [6]. In this study, available ChIP-seq and CLIP-seq (Cross-Linking ImmunoPrecipitation) data was intersected with DNAse I hypersensitivity tracks for only TFs.
Model building is based on Bipad [7], an algorithm we previously published to minimize entropy across a set of unaligned sites. Bipad is run with biologically-inspired parameters, i.e. whether the site is known to be homogenous or bipartite, if bipartite, allowing for defined range of gap lengths separating half sites. Each sequence may, but is not required, to contain one binding site. This program employs the sq framework to run jobs in parallel. The parts of this program that run in parallel perform the vast majority of computation, and are perfectly parallel. This program spawns a job for each model that it generates. Only one job is spawned if UII is not employed (i.e. if confined to a specific motif length). Each spawned job runs a single instance of Bipad, which comprises the vast majority of the computational load for this step.
Epigenetic input is commonly provided as interval data, but Bipad requires input as sequence. PoWeMaGen converts the interval data to sequence using the reference genome (Encyclopedia of DNA Elements [ENCODE] [8]) and the BEDtools program fastaFromBed. Then a custom java program called Fasta2Bipad.java converts this fasta file to the format required by Bipad. Finally, the engine executes Bipad, with user-selected arguments which specify, among other things, whether the model is homogenous or bipartite, use ZOOPS (Zero or One Occurrence Per Sequence) or OOPS (One Occurrence Per Sequence), whether to consider one or both reading strands, estimated motif length, and the number of Monte Carlo cycles required.
In instances where the length of the site has not been well defined in published data, the Unit Information Increment Index heuristic, which maximizes the information density across the binding site as a function of binding site length [9] was be used to compute the length. This algorithm chooses a range of motif lengths, considers DNA helical periodicity of 10.6 base pairs, and varies these lengths based upon the result of UII computations.
Selecting TFs for Model Building
TF ChIP-seq data (track: wgEncodeRegTfbsClusteredV2) and DNaseI Hypersensitivity Clusters in 125 cell types from ENCODE were downloaded and intersected using the Galaxy Browser [10–12], to select for DNA regions accessible to TFs for binding. We then extracted genomic intervals from 10 kb upstream of the transcriptional start site, up to the end of intron 1, for each of the 7 genes. We identified 146 TFs with evidence for binding to the promoters of the genes in our panel. 
To assess the expression of these TFs in breast and/or ovarian tissues, expression levels were determined using the Illumina BodyMap through Ensembl (https://www.ebi.ac.uk/gxa/experiments/E-MTAB-513; expression values are available in Supplemental Table S1). All TFs (of which IT models were built) were found to be expressed either in normal breast or in ovarian tissues (where FPKM > 0.1). However, certain TFs were expressed at low levels in GATA-1, HNF-3β, HNF-4α (FPKM < 0.1 in breast tissues) and PAX-5 (FPKM < 0.1 in ovarian tissues). 
As the Illumina BodyMap expression values were for normal tissues, the expressions of these TFs in context (breast and ovarian cancer cells) were obtained through the cBioPortal (http://www.cbioportal.org/). In these data sets, we find the expression of HNF-3β and PAX-5 have strong variability between breast cancer tissue samples (23.6 ± 60.5 and 2.1 ± 82.4, respectively), while GATA-1 and HNF-4α is less variable, although some cancers were detected to have significant expression (maximum expression values of 32.9 and 163.7, respectively).

Generating SNPfold Input
A script was written to retrieve 100 nt of mRNA sequence up- and downstream of the variant of interest while altering the sequence based on any other variants found in the region during sequencing (phase was ignored). This was used as the input data for SNPfold. Only transcribed sequence was included (if variant was < 100 nt from start/end of transcription). For long-range effects, the variants were evaluated against the entire UTR they resided in (using the reference sequence; patient-specific variants were not included).
To determine the background rate of prioritizing variants flagged by this method, we used SNPfold v1.0 (running over RNAfold v1.8.5) to get predictions of structure change for dbSNP 144 SNVs in 5' and 3'UTRs of the 7 genes that were focused on in this study (excluding those already flagged in Table 3). We used the 'refgene' table in hg19 coordinates (obtained 12/15/2015) to pull down UTR sequences as defined by refseq annotation, and for each gene we used the UTRs that correspond to the canonical transcript as defined by the 'knownCanonical' table in UCSC genome (obtained 1/28/2016). Additionally, we note that all variants we analyzed do not fall in the coding region of any refseq transcript, and that any variants that did were excluded from SNPfold analysis. For all sequences less than 2000 nt in length we obtained accurate p-values for each qualifying dbSNP 144 SNV, as described in Halvorsen et al. 2010. Following the standards originally described in running of the SNPfold algorithm, for sequences that are longer 2000 nt, we use estimated p-values in SNPfold. This resulted in us being able to obtain accurate p-values for variants in all 5'UTR sequences, and 5 out of 7 3'UTR sequences. For the other 2 3'UTR sequences (ATM and CDH1) we estimated the p-value via methods previously described.

Generation of RNA Binding Protein Models from RBPDB and CISBP-RNA
PWMs for 156 RBPs were downloaded from the RBPDB and CISBP-RNA [13–15]. PWMs containing frequencies were converted into information weight matrices (N = 147). Binding sites for factors with low expression in normal breast tissues (N= 59) based on the GTEx database [16] RPKM < 10 were removed. We also eliminated binding sites for factors with highly variable expression among the 57 available breast tissue samples (where median RPKM < 3 standard deviations; N=11). All UTR variants were then analyzed with models for the remaining RBPs (N=76).
Models for the following factors were used to determine variant effect on RBP binding sites: A2BP1, ANKHD1, ANKRD17, BRUNOL4, BRUNOL5, BRUNOL6, BX511012.1, CIRBP, CSDA, DAZAP1, EIF4B, ELAVL1, FMR1, FUS, FXR1, FXR2, G3BP2, HNRNPA1, HNRNPA2B1, HNRNPA3, HNRNPC, HNRNPF, HNRNPH1, hnRNPK, HNRNPL, hnRNPLL, HNRNPR, HNRPDL, KHDRBS1, KHSRP, MATR3, MBNL1, NCL, NONO, NOVA2, PABPC1, PABPC4, PABPN1, PCBP1, PCBP2, PCBP4, PSPC1, PTBP1, PTBP2, PUM2, RALY, RBFOX2, RBM28, RBM42, RBM5, RBM6, RBM8A, RBMS1, RBMX, ROD1, SAMD4B, SART3, SF3B4, SFPQ, SNRNP70, SNRPA, SNRPB2, SRSF1, SRSF10, SRSF2, SRSF4, SRSF6, SRSF7, SRSF9, SYNCRIP, TAF15, TARDBP, TIA1, U2AF1, U2AF2, ZCRB1, ZNF638.
Models were not built for the following models because only blank files were provided by CISBP-RNA (N=9): ELAVL4, FUBP1, G3BP1, HNRNPAB, KHSRP, NOVA1, PUM1, PUM2, SRSF5, TRA2B, ZRANB2 (KHSRP and PUM2 models present in RBPDB, therefore not included in count).
Models were not built for the following factors due to variable expression between the 57 available breast tissue samples (where median RPKM < 3 standard deviations) (N=11): ACO1, MBNL2, PABPC1L, RBM3, RBM38, SRSF3, YBX1, YTHDC1, ZFP36, ZFP36L1, ZFP36L2.
Models were not built for the following factors due to low or extremely variable expression in normal breast tissue (N=59): A1CF, CELF3, CNOT4, CPEB2, CPEB3, CPEB4, EIF2S1, ELAVL2, ELAVL3, ENOX1, ENOX2, ESRP1, ESRP2, HNRNPA1L2, HNRNPCL1, HNRNPH2, IGF2BP1, IGF2BP2, IGF2BP3, KHDRBS2, KHDRBS3, LIN28A, LIN28B, MBNL3, MEX3B, MEX3C, MEX3D, MSI1, MSI2, PABPC3, PABPC5, PABPN1L, PCBP3, PPRC1, QKI, RBFOX3, RBM24, RBM4, RBM41, RBM45, RBM46, RBM47, RBM4B, RBMS2, RBMS3, RBMXL1, RBMXL2, RBMXL3, RBMY1A1, RBMY1B, RBMY1D, RBMY1E, RBMY1F, RBMY1J, SAMD4A, SRSF12, STAR, YBX2, ZC3H10, ZFP36.
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Figure SM1. Diagram of the PWM Generator. UML Diagram of the distributed processing system. The modules shown call the Bipad and Shannon pipeline C++ engines to perform entropy minimization and genome scanning. Solid arrows indicate embedded capabilities called by the preceding software module; discontinuous arrows indicate separate programs with compatible input/outputs. Ancillary utilities are used for post-processing of output from main programs to compare different models and sort results from GenomeScan output.
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