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Why$should$we$use$single/cell$
sequencing$over$bulk$sequencing?$





Low$expression$ High$expression$



Single'cell'research.'Illumina.'

Single cell expression profiles 



Heterogeneity 



Metagenomics 

Single'cell'research.'Illumina.'



Microbiome 

•  Human cells 

•  Bacteria 

•  Fungi 

•  Virus 

•  Temporal dynamics 

•  Diet-dependent dynamics 

•  Stress-related dynamics 



Immunology 

•  Massive diversity rivaled only 
by germ cells 

•  Somatic recombination 

•  B cells – antibody generation 

•  T cells – antigen response 

Single'cell'research.'Illumina.'





What are CNVs? 



Single-cell sequencing for CNV analysis 

Recombination/
crossover in germ cells  

Circulating tumor cells Neuronal mosaicism 

Tumor evolution 



Clonal evolution in tumors 

Carlos Caldas, Nature Biotech 2012 



Clonal evolution in tumors 

Navin et al., Nature 2011 



Cancer metastasis 

Carlos Caldas, Nature Biotech 2012 



Navin et al., Nature 2011 

Cancer metastasis 



DNA repair in cancer 

Treated$

Untreated$

Genome$



In-vitro fertilization 



DNA replication & cell cycle 

late$vs.$early$replicaBng$regions$



Brian Owens, Nature News 2012 

Single-cell vs. bulk sequencing 



Single-cell vs. bulk sequencing 

Brian Owens, Nature News 2012 



Whole$Genome$AmplificaBon$

1)  MDA:$MulBple$displacement$amplificaBon$
2)  DOP/PCR:$Degenerate$oligonucleoBde/primed$PCR$
3)  MALBAC:$MulBple$annealing$and$looping/based$

amplificaBon$



Identifying CNVs: bulk vs. single-cell 

Dele$on'

Amplifica$on'



Low coverage allows us to study copy-number variants 

<1X coverage, often <0.1X 

Identifying CNVs: bulk vs. single-cell 



Copy-number variant analysis 

NNNNNN'

Low coverage allows us to study copy-number variants 

<1X coverage, often <0.1X 



Copy-number variant analysis 

Baslan et al., Nature Protocols 2012 

NNNNNN'

Divide genome into “bins” with ~50 – 100 reads / bin 



Copy-number variant analysis 
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Copy-number variant analysis 

NNNNNN'

Circular Binary Segmentation (CBS) 
to reduce noise in data 
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Circular$Binary$SegmentaBon$(CBS)$

i$ j$ j$ j$ j$i$ j$i$

Segmentation 



Copy-number variant analysis 



Copy-number variant analysis 
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Analysis Pipeline 

.BED$

Ginkgo 

Bin reads 

GC bias 
correction 

Segment bins 
and call integer 
copy-number 

Interactive 
visualization 
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Ginkgo 

Bin reads 

GC bias 
correction 

Segment bins 
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Interactive 
visualization Galaxy 

Map reads 

Remove 
duplicates 

BAM to BED 
.FASTQ$



Ginkgo Demo 



Breast$
Tumor$

Liver$
Lesion$

8$single$cells$from$
breast$tumor$

7$single$cells$from$
liver$tumor$
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Paul Blainey, FEMS Microbiol Rev. 2013 

Whole Genome Amplification (WGA) methods 

DOP-PCR (Degenerate Oligonucleotide Primed PCR) 

MDA (Multiple Displacement Amplification) 

MALBAC (Multiple Annealing and Looping Based Amplification Cycles) 



Comparison of WGA methods 

Paper WGA Method Tissue 

Navin et al., 2011 DOP-PCR Breast (T10) 

Navin et al., 2011 DOP-PCR Breast (T16P/M) 

McConnnell et al., 2013 DOP-PCR Neuron 

Lu et al., 2012 MALBAC Sperm 

Ni et al., 2013 MALBAC Lung 

Hou et al., 2013 MALBAC Oocyte 

Kirkness et al., 2013 MDA Sperm 

Wang et al., 2012 MDA Sperm 

Evrony et al., 2012 MDA Neuron 

Explore the effects of WGA method on data quality: 
     1) GC bias 
      2) Coverage dispersion 

Garvin and Aboukhalil et al., Nature Methods, 2015 



GC Bias 

Garvin and Aboukhalil et al., Nature Methods, 2015 



MDA 

DOP-PCR 

MALBAC 

Coverage Dispersion 

Garvin and Aboukhalil et al., Nature Methods, 2015 



Coverage Dispersion 

MDA DOP-PCR MALBAC 

Garvin and Aboukhalil et al., Nature Methods, 2015 



Summary 

•  Ginkgo is a platform for single-cell CNV analysis and visualization 

•  For copy-number analysis, we recommend DOP-PCR 

•  Check out Ginkgo and give us feedback 
•  qb.cshl.edu/ginkgo 

•  http://qb.cshl.edu/ginkgo/workshop/fog.pdf 

•  Garvin and Aboukhalil et al., Nature Methods, 2015 
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