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Why should we use single-cell
sequencing over bulk sequencing?
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Single cell expression profiles

Single cell research. lllumina.



Heterogeneity



Metagenomics

Single cell research. lllumina.



Microbiome

* Human cells
« Bacteria
* Fungi

 Virus

 Temporal dynamics
* Diet-dependent dynamics

« Stress-related dynamics




antigen-
presenting
cell (APC)

B-Cell

Immunology

Massive diversity rivaled only
by germ cells

Somatic recombination

B cells — antibody generation

T cells — antigen response

Single cell research. lllumina.



What is structural variation?

Difference in copy number, orientation, or location of any
genomic sequence over 50 bp in size




at are CNVs?




Single-cell sequencing for CNV analysis

Circulating tumor cells Neuronal mosaicism

Tumor evolution

Recombination/
crossover in germ cells
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Clonal evolution in tumors
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Normal Founder Subclones with
cell clone individual genotypes

Carlos Caldas, Nature Biotech 2012
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Clonal evolution in tumors
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Cancer metastasis
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Euclidean distance

Cancer metastasis
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DNA repair in cancer
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In-vitro fertilization




DNA replication & cell cycle

late vs. early replicating regions



Single-cell vs. bulk sequencing
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Single-cell vs. bulk sequencing
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Whole Genome Amplification
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1) MDA: Multiple displacement amplification
2) DOP-PCR: Degenerate oligonucleotide-primed PCR

3) MALBAC: Multiple annealing and looping-based
amplification



ldentifying CNVs: bulk vs. single-cell

Amplification
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ldentifying CNVs: bulk vs. single-cell

Low coverage allows us to study copy-number variants

<1X coverage, often <0.1X



Copy-number variant analysis

= NNNNNN

Low coverage allows us to study copy-number variants

<1X coverage, often <0.1X



Copy-number variant analysis

= NNNNNN

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

Baslan et al., Nature Protocols 2012



Copy-number variant analysis

= NNNNNN




Copy-number variant analysis

= NNNNNN

Circular Binary Segmentation (CBS)
to reduce noise in data
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Noemaized Head Counts
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Copy-number variant analysis

Tead Counts (Normalised 1o & mean of 1)
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Analysis Pipeline
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Ginkgo Demo
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Tumour evolution inferred by single-cell sequencing

Nicholis Navin'?, Jude Kendall', Jennifer Troge', Peter Andrews’, Linda Rodgers', Jeanne Mcindoo', Kerry Cook’,

Asya Stepansky’, Dan Levy', Diane Esposito’, Lakshmi Muthuswamy”, Alex Krasnitz, W. Richard McCombie', James Hicks'
& Michael Wigler'
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A web todl for analyzing single-cell saquencing data.
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Ginkgo
A web todl for analyzing single-cell saquencing data.
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Ginkgo
A web tool for analyzing single-cell saquencing data.
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Ginkgo

Your flas are uplcadead. Now let's do some analysis:
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Your files are uploaded. Now let's do some analysis:
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Your files are uploaded. Now let's do some analysis:
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Whole Genome Amplification (WGA) methods
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MALBAC (Multiple Annealing and Looping Based Amplification Cycles)

Paul Blainey, FEMS Microbiol Rev. 2013



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

All MDA Samples Overlay of All Datasets
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Coverage Dispersion

MALBAC

MDA

Garvin and Aboukhalil et al., Nature Methods, 2015



Median Absolute Deviation (MAD)

Coverage Dispersion

Median Absolute Deviation of Neighboring Bins

DOP-PCR MALBAC

Navin (T10)
Ni

Hou

Lu

Evrony
Wang
Kirkness

McConnell
Navin (T16)

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

» gb.cshl.edu/ginkgo
« http://gb.cshl.edu/ginkgo/workshop/fog.pdf
* Garvin and Aboukhalil et al., Nature Methods, 2015
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Ginkgo Team
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