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Cancer is caused by an accumulation of mutations, which 
progressively increase cell proliferation rate as the disease evolves 
selective advantages1. Recent research has demonstrated the impact 
of mutation timing as a significant driver of clinical outcomes4. For 
this reason, appropriate methods of accurately timing cancer 
evolution are paramount to understanding disease progression, 
metastasis, and lethality. 
 For this study, we obtained multi-sample, bulk tumor DNA 
sequencing data from a cohort of post-mortem breast cancer 
patients. Subclonal reconstruction (SRC) analysis was performed to 
evaluate disease evolution and associated clinical outcomes. 
 However, SRC relies on statistical assumptions and cannot 
always accurately infer mutation timing at the cellular level2. To 
mitigate uncertainty, we sequenced mutations of interest using a 
single-cell panel. This study utilizes one sample from a breast cancer 
patient to pilot the process of verifying bulk phylogeny with single-
cell insight.  
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Figure 1: Phylogenetic tree inferred  from bulk DNA sequencing 

r = 0.788                  MSS = 0.088

Over-imputation of zeroes 

1 Imputation

r = 0.879         MSS = 0.043

Elimination of unsupported zeroes

2 Filter by Depth

SNV 1 SNV 2 SNV 3
Cell 1 0 NA 0
Cell 2 NA NA 0
Cell 3 1 1 1

SNV1 SNV2 SNV3
Cell1 0 NA 0
Cell2 NA NA 0
Cell3 1 1 1

SNV1 SNV2 SNV3
Cell1 0 NA NA
Cell2 NA NA 0
Cell3 1 1 NA

SNV1 SNV2 SNV3
Cell1 3 NA 1
Cell2 NA NA 6
Cell3 5 4 1

Introduction

2 Methods to Correct for Missing Values in Single-Cell Data 
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Integrating Single-Cell and Bulk DNA Sequencing 
Results for Breast Cancer Subclonal Reconstruction

Figure 2: Single-cell 
sequencing 
statistics including 
CCF error, number 
of SNVs per cell, 
and SNV presence 
or absence per cell 
and subclone 

Figure 3: Comparing 
Single-Cell and Bulk 
Phylogeny for the 7 
most-detected 
subclones

0

0.2

0.4

0.6

0.8

1 2

SNV

• Dot size: percentage of SNV pairs from the 2 subclones indicated 
that match expected relationship from bulk phylogeny 

• Some relationships, such as branching between M08 and C02, were 
predicted by the bulk phylogeny and supported by single-cell data

• Some linear relationships, such as C02 and M05, have little support 
from single-cell data 

Linear relationship in bulk phylogeny
Branched relationship in bulk phylogeny

Sample-specific 
subclones are MRCA, 
M15, M04, M05, C02, 
M08, and M11

A challenge of our 
data: frequent allele 
dropouts (in gray)

CCF error = bulk CCF – single-cell CCF

 median CCF error =  - 0.002

Comparing Branched vs Linear
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Next Steps

Investigate new imputation strategies, directly 
addressing discrepancies between single-cell and 
bulk cancer cell fraction (CCF)

2

Correct for Allele Dropouts

Adjust parameters of Likelihood Ratio Test to 
more accurately predict linear relationships

Comparing Bulk and Single-Cell Phylogeny2

1
CCF: 

Cancer Cell 
Fraction 

Mutations in the
 single-cell data
 show overall lower
 frequency than in
 bulk data.
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