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SUPPLEMENTARY METHODS 
DNA purification of bulk samples and Illumina library generation 
For bulk extraction of genomic DNA from cell lines as well as clinical tissue, leftover nuclei suspensions 
(from which single cells were retrieved) were mixed with equal volume of 2X lysis buffer (1 ml 1M Tris-
HCl pH 8.0, 200 µl 0.5M EDTA pH 8.0, 200 µl 5M NaCl, 500 µl 10% SDS, 1ml 1M DTT, 1.1ml H2O). 
Lysis nuclei mixtures were then treated with 50 µl Proteinase K (20mg/ml) and incubated for 16 hrs at 55 
°C. Digestion mixture was allowed to cool to room temperature followed by RNase A treatment using 5 µl 
of 20mg/ml RNase A. RNase A treatment was performed at 37 °C for 1 hr. Genomic DNA was then 
purified from Proteinase K and RNase A treated nuclei using phenol-chloroform extraction as follows: 
Equal volume of Phenol was added to nuclei digestion mixtures and allowed to mix gently in a rotator for 
10 min. Mixtures were then spun at 13,000g at 4 °C. Aqueous phase material was carefully retrieved 
(avoiding interface material) and saved in a fresh tube. Phenol extraction was repeated 2X. Phenol 
extracted material was further purified by adding equal volume of Phenol:Chloroform:Isoamyl alcohol. 
Mixing, centrifugation and aqeous phase extraction were performed as described above. 
Phenol:Chrloroform:Isoamyl alcohol extraction was repeated 1X. DNA was then further extracted using 
Chloroform:Isoamyl alcohol following the steps as described above. Chloroform extraction was also 
repeated 1X. Chloroform extracted DNA was subsequently precipitated by adding 1/10 volume of 3M 
NaOAc pH 5.2, with gentle mixing, followed by the addition of equal volume Isopropanol, mixing by 
inverting the tube ~40X and centifigation at 13,000g for 30 min at 4 °C. Supernatent was removed by 
pipetting carefully as not to disturb the pellet. DNA pellets were washed with 300 µl cold 70% EtOH (1X) 
followed by an additional wash using 300 µl cold 100% EtOH (1X). DNA pellets were allowed to dry at 
room temp for ~ 15 min and re-suspended in H2O at 4 °C overnight. 0.25 – 1 ug of high molecular weight 
genome DNA was then sonicated using the Covaris machine at 300+/- using the following parameters: duty 
cycle – 10%, Intensity – 4, cycles/burst – 200, and time 80 s. Sonicated genomic DNA was then prepared 
for Illumina library generation using In-house custom built barcoded adaptors previously described 
(Iossifov et al. 2012), with the exception that bead purification was performed 2X. 
RNA purification, RNA-Seq library generation and analysis 
Core biopsies were removed from the OCT and homogenized in lysis buffer using Hard Tissue Omni Tip 
Homogenizing Probes. DNA and RNA were extracted from the lysate using the Qiagen AllPrep DNA/RNA 
Mini Kit (Qiagen). RNA concentrations and 260/280 ratios were determined using a NanoDrop. RNA 
integrity was assessed using a Bioanalyzer (Agilent). Fifty to 100 ng of total RNA were reverse-transcribed 
and amplified using the Ovation RNA-Seq System (NuGEN). Amplified cDNA was purified using the 
Qiagen MinElute Reaction Cleanup Kit (Qiagen) and quantified using a NanoDrop. RNA-Sequencing was 
performed on the amplified cDNA at the Yale Center for Genome Analysis (West Haven, CT) or 
Expression Analysis, Inc. (Durham, NC). Paired-end sequencing was performed on the Illumina GAII 
platform using amplified total RNA with 74bp read length, yielding data on transcript abundance for a total 
of 22,160 genes and 34,449 transcripts, yielding about 50M reads per sample. Raw sequencing data were 
analyzed using RNA-SEQ Version 2 pipeline. Reads were aligned to human reference genome hg19 with 
Mapsplice2 (Wang et al. 2010) and gene expression was quantitated using RSEM (RNA-SEQ by 
Expectation Maximization) (Li et al. 2010). Each gene expression profile (Pt31 and Pt41) was normalized 
in the same manner as the TCGA breast cancer cohort, by setting the upper quartile value to 1000. To 
perform subtyping, a nearest centroid classifier was implemented using TCGA level-3 gene expression 
profiles along with study samples. Out of 1100 TCGA breast cancer (BRCA) samples with available gene 
expression data, 542 samples were mapped out with subtype information from the published study (TCGA 
et al. 2012), including 96 Basal-like, 58 Her2-Enriched, 231 LumA, 128 LumB and 29 Normal-like 
samples. With the log2 transformed gene expression data aligned on PAM50 list (Parker et al. 2009), 
centroids for samples from each subtype were estimated and further used to subtype BrUOG samples based 
on ‘nearest distance’ criteria. Pt31 and Pt41 gene expression profiles were pre-processed in the same 
manner prior to the prediction. For visualization purpose, a principal component analysis was conducted to 



identify the top principal components (PCs) based on pre-processed 542 TCGA breast cancer samples. 
Using the top 2 principal components (PC), the samples were projected onto the PC subspace. In the PCA 
analysis, the top 2 principal components were capable in explaining 37.7% and 25.6% of the variance of 
the TCGA sample matrix respectively. 
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Supplementary Figure 1| Down-sampling beyond 2 million reads using 50K bins results in loss of quantal nature of the CNV data. Genome-wide CNV
pro�les of rearranged cancer cell using 50K bins with down-sampled data sets at 2 million (a), 1 million (b) , 0.5 million (c), and 0.25 million sequencing reads (d).
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Supplementary Figure 2| Identi�ed minimal read requirement parameters apply to rearranged cancer cells that display varying DNA content. 
(a) DNA content=1.6N  and (b) DNA content=2.65N. Left panels display genome wide CNV pro�les of single cell at di�erent bin resolutions using the original data
(8 million reads) or down-sampled data as indicated. Right panels illustrate the correlation values of the down-sampled data sets with the original 8 million read data.
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Supplementary Figure 3| Correlation plots of down-sampled data sets from single cell in Figure 1 across di�erent bin lengths. Scatter density correlation
plots of normalized read count data of original 8 million read data set with down-sampled data sets. 2,1, and 0.25 million reads at 50K, 20K, and 5K respectively 
provide strong correlations with original 8 million read data set. Notice increasing correlation with decreased # of bins across down-sampled data. 
Pearson correlation coe�cients of data sets are displayed. 
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Supplementary Figure 4| Downsampling analysis of copy number variation of single cell genomes of varying ploidy levels at di�erent bin resolutions.  
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Supplementary Figure 5| C-DOP-L approach removes WGA universal sequences to restored nucleotide diversity in sequenced DNA. (a) Nucleotide 
distribution plot of WGA DNA processed with DNA sonication and standard Illumina library generation protocols. Notice, uneven nucleotide distributions are 
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Supplementary Figure 6| Schematic presentation of the sequences of the custom Illumina barcodes utilized in the C-DOP-L method. 
(a) Barcode nucleotide distributions of all 96 barcodes plotted in WebLogo format. (b) Chart plot of nucleotide composition of all 96 barcodes utilized.
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Supplementary Figure 7| C-DOP-L approach facilitates robust determination of high quality CNV data from single cells. (a) Histogram illustration of 
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Supplementary Figure 12| Pt41 and Pt31 belong to the Luminal B breast cancer gene expression subgroup. 542 TCGA samples were projected on the PCA 
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Step Cost ($ Per Cell) Time

Single Cell
Ampli�cation (SEQXE)

15.24 ~ 5 hrs

WGA DNA Puri�cation
(QIAQuick 96 PCR
Puri�cation Kit)

1.3 ~ 1 hrs

Digestion/Puri�cation
of WGA DNA 
(SEQXE + Agencourt
AMPure Beads)

1.14 ~ 4 hrs

Ligation of Illumina
Barcoded Adaptors
+Ampli�cation
(Quick Ligation Kit
+ Phusion polymerase)

2.6 ~ 1 hrs

Illumina 76 Single 
Read Sequencing
(HiSeq Machine)

11.62 ~ 5 days

C-DOP-L Procedure
to Data

31.9 ~ 12 hrs
(to Sequence
Ready Libraries)

Supplementary Table 1:  Cost and time analysis for each step of the C-DOP-L method
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