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ONE GENOME FROM MANY

Sequencing the genomes of single cells is similar to sequencing
those from multiple cells — but errors are more likely.

» Standard genome sequencing

A sample containing thousands to
millions of cells is isolated.

Single-cell vs. bulk sequencing

DNA is extracted from all the nuclei. DNA is broken into fragments The sequences are assembled to give a

and then sequenced.

common, ‘consensus’ sequence.

Brian Owens, Nature News 2012



Single-cell vs. bulk sequencing

ONE GENOME FROM MANY

Sequencing the genomes of single cells is similar to sequencing
those from multiple cells — but errors are more likely.

» Standard genome sequencing

) J

W] o

A sample containing thousands to DNA is extracted from all the nuclei. DNA is broken into fragments The sequences are assembled to give a
millions of cells is isolated. and then sequenced. common, ‘consensus’ sequence.

» Single-cell sequencing

Hardly
any DNA

2

DNA amplification

A single cell is difficult to isolate, but The DNA is extracted and amplified, Amplified DNA is sequenced. Errors introduced in earlier steps make
it can be done mechanically or with during which errors can creep in. sequence assembly difficult; the final
an automated cell sorter. sequence can have gaps.

Brian Owens, Nature News 2012



Copy-number variant analysis

Low coverage allows us to study copy-number variants

<1X coverage, often <0.1X



Copy-number variant analysis
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Low coverage allows us to study copy-number variants

<1X coverage, often <0.1X



Copy-number variant analysis
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Divide genome into “bins” with ~50 - 100 reads / bin

Baslan et al., Nature Protocols 2012



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

4.5 9 4



Normalized Read Counts
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Copy-number variant analysis

Read Counts (Normalized to a mean of 1)

We can estimate integer copy-number states
by scaling the profile and minimizing the sum
of squares error
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Copy-number variant analysis
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Analysis Pipeline
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Ginkgo Demo



Sample dataset

LETTER ——

Tumour evolution inferred by single-cell sequencing

Nicholas Navin'?, Jude Kendall', Jennifer Troge', Peter Andrews', Linda Rodgers', Jeanne McIndoo', Kerry Cook’,
Asya Stepansky’, Dan Levy', Diane Espasito’, Lakshmi Muthuswamy?, Alex Krasnitz', W. Richard McCombie', James Hicks'

& Michael Wigler'

s

Triple-negative (ER",
PR-, HER2") ductal
carcinoma

Navin et al., Nature 2011
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Ginkgo
A web tool for analyzing single-cell sequencing data.

Upload your .bed files we accept “bed and *.bed.gz, max 1GB/file, min 3 cells)

O View analysis later
‘ ‘ Access your results later at the following address:
http://gb.cshl.edu/ginkgo?
382.21 Mbit/s | 00:00:04 | 56.03 % | 270.04 MB / 481.98 MB g=results/NHeohEpiCXCE7hgmLx2c
M16_SRR089711.bed.gz 56.85 MB
© Hel
M16_SRR090212.bed.gz 41.11 MB ad
Sample .bed file
chrom chromStart chromEnd

P16_SRR089593.bed.gz 51.54 MB ‘ | chr1 555485 555533

| chri 676584 676632

chr1 745136 745184

P16_SRR089604.bed.gz 43.70 MB
P16_SRR089646.bed.gz 43.32 MB ‘ |

- B How to make .bed files

i If your mapped reads are saved in the file

P16_SRR089659.bed.gz 40.86 MB ‘ ‘ reads.bam:

— bamToBed -i reads.bam > reads.bed

Next st —— .
Detailed instructions

m
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Your files are uploaded. Now let's do some analysis:

@D Choose cells for analysis © View analysis later

Select all cells Access your results later at the following address:

http://gb.cshl.edu/ginkgo?
g=results/NHeohEpiCXcE7hgmLx2c

@  M16_SRR089711.bed.gz

& M16_SRR090212.bed.gz

GED Set analysis options

Job name: Single-cell analysis

Genome: (Humanhg19) &

G=D E-mail notification

If you want to be notified once the analysis is done, enter your e-mail here:

¥ | raboukha@cshl.edu|

CaID Advanced parameters
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G i n kgO Single-cell analysis

3% complete.

Step 1: 10% Mapping reads to bins... (M16 SRR090212.bed.gz)

View results

Access your results later at the following address:
< Ana'ysls Opﬂons http://gb.cshl.edu/ginkgo?
g=results/NHeohEpiCXcE7hgmLx2c

[E Analysis Parameters

Genome: hg19

Binning: variable bins of S00kb size (cowtie/101bp reads)
Segmentation: using normalized read counts
Clustering: ward linkage, euclidean distance




® 00 / ™ Ginkgo x 9

oy
€ - C [ gb.cshl.edu/ginkgo/?q=results/NHeohEpiCXcE7hgmLx2c e =

G i n kgo Single-cell analysis

95% complete.

Step 2: 85% Calling copy number events... (Computing Cluster (Copy Number))

View results

Access your results later at the following address:
( Analysls Optlons http://gb.cshl.edu/ginkgo?
g=results/NHeohEpiCXcE7hgmLx2c

[El Analysis Parameters

Genome: hg19

Binning: variable bins of S00kb size (cowtie/101bp reads)
Segmentation: using normalized read counts
Clustering: ward linkage, euclidean distance
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G i n kgO Single-cell analysis

Analysis complete!

View results

CNV Profile

® Tree
—

¥ Summary

Cell A
O M16_SRR089711
O M16_SRR089733
O M16_SRR090144
O M16_SRR090156 ik "
O M16_SRR090158

M RN B

gb.cshl.edu/ginkgo/?q=results/NHeohEpiCXcE7hgmLx2c/P16_SRR089593

C' [ gb.cshl.edu/ginkgo/?q=results/NHeohEpiCXcE7hgmLx2c

# Reads

15,311,446

17,395,808

11,757,183

7,592,032

6,414,000

P16_SRR089604
P16_SRR089593

Diploids from both primary
and metastasis cluster

Access your results later at the following address:

edu/ginkgo?
piCXcE7hgmLx2c

M16_SRR090212
M16_SRR090144
M16_SRR090156

Meanread Read count Index of
count variance dispersion
2,855.02 1,023.36 0.36
3,243.67 1,147.08 0.35
2,192.28 1,252.84 0.57
1,415.63 766.63 0.54
1,195.97 658.59 0.55

Genome: hg19
Binning: variable bins of 500kb size (bowtier1010p reads)
Segmentation: using normalized read counts
Clustering: ward linkage, euclidean distance

® Tree display
(®) Normalized read counts (newick | xml | pdf | jpeg)
(©) Copy-number (newick | xml | pdf | jpeg)

() Correlations (newick | xml | pdf | jpeg)

& Download processed data
Statistics: Bin count statistics for each cell (1 KB).

Breakpoints: Matrix that encodes whether a cell has a
breakpoint at a bin position; 1 = breakpoint present, 0 = no
breakpoint at that position; rows = bins, columns = cells (282
KB).

Copy Number: Integer coopy-number state for each cell at
every bin position; rows = bins, columns = cells (283 KB).

Normalized Counts: Normalized bin counts for each cell at
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In gO Single-cell analysis
Analysis complete!
View results
® Tree
I e
B
¥ Summary
Cell 4 CNV Profile #Reads = 'eanread
count
O M16_SRR089711 v 15,311,446  2,855.02
O M16_SRR089733 | _ 17,395,808 3,243.67
0O M16_SRR090144 11,757,193 2,192.28
O M16_SRR090156 Al & 7,592,032 1,415.63
0O M16_SRR090158 e '\._.~" _‘_'.‘."'x-,‘ (N 6,414,000 1,195.97
gb.cshl.edu/ginkgo/?q=results/NHeohEpiCXcE7hgmLx2c/P16_SRR0O89586

Diploids from both primary
and metastasis cluster

P16_SRR089604
P16_SRR089593
M16_SRR089733
M16_SRR089711
P16_SRRO89586

Access your results later at the following address:

http://gb.cshl.edu/ginkgo?
g=results/NHeohEpiCXcE7hgmLx2c

P16_SRR089646

P

P

P

P

M

M

M

M B g. variable bins of 500kb size (bowtier1010p reads)
M16_SRR0S90156

Segmentation: using normalized read counts
Clustering: ward linkage, euclidean distance

® Tree display

(®) Normalized read counts (newick | xml | pdf | jpeg)

Read count Index of (O Copy-number (newick | xml | pdf | jpeg)
variance dispersion B
() Correlations (newick | xml | pdf | jpeg)
1,023.36 0.36
& Download processed data
1,147.08 0.35
Statistics: Bin count statistics for each cell (1 KB).
1,252.84 0.57 Breakpoints: Matrix that encodes whether a cell has a
breakpoint at a bin position; 1 = breakpoint present, 0 = no
breakpoint at that position; rows = bins, columns = cells (282
766.63 0.54 KB).
Copy Number: Integer coopy-number state for each cell at
658.59 0.55 every bin position; rows = bins, columns = cells (283 KB).

Normalized Counts: Normalized bin counts for each cell at
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Gink
In go Single-cell analysis Non-diploids from primary
Analysis complete! and metastasis segregate
View results
® Tree
—— P16_SRR089604 Access your results later at the following address:
P16_SRR089593
M16_SRR089733
M16_SRR089711 http://gb.cshl.edu/ginkgo?
P16_SRR089586 g=results/NHeohEpiCXcE7hgmLx2c
[_O P16_SRR0O89646
P16_SRR0O89664
P16_gSSSSaat
P16
P16
M16.
M16,
M16,
M16 bins of 500kb size (bowtie/101bp reads)
M16 Segmentation: using normalized read counts
Clustering: ward linkage, euclidean distance
® Tree display
* Summary (®) Normalized read counts (newick | xml | pdf | jpeg)
Meanread  Read count Index of (O Copy-number (newick | xml | pdf | jpeg)
Cell - CNV Profile # Reads . . .
count variance dispersion )
() Correlations (newick | xml | pdf | jpeg)
O M16_SRR089711 | 15,311,446 2,855.02 1,023.36 0.36
& Download processed data
O M16_SRR089733 17,395,808 3,243.67 1,147.08 0.35
— Statistics: Bin count statistics for each cell (1 KB).
O M16_SRR090144 11,757,193 2,192.28 1,252.84 0.57 Breakpoints: Matrix that encodes whether a cell has a
breakpoint at a bin position; 1 = breakpoint present, 0 = no
S breakpoint at that position; rows = bins, columns = cells (282
O M16_SRR090156 ek Y, 7,592,032 1,415.63 766.63 0.54 KB).
. Copy Number: Integer coopy-number state for each cell at
0O M16_SRR090158 WA N L 6,414,000 1,195.97 658.59 0.55 every bin position; rows = bins, columns = cells (283 KB).
- - Normalized Counts: Normalized bin counts for each cell at
gb.cshl.edu/ginkgo/?q=results/NHeohEpiCXcE7hgmLx2c/P16_SRR089646 N R 3
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Gink
In go Single-cell analysis Non-diploids from primary
Analysis complete! and metastasis segregate
View results
® Tree
—— P16_SRR089604 Access your results later at the following address:
P16_SRR089593
M16_SRR089733
M16_SRR089711 http://gb.cshl.edu/ginkgo?
P16_SRR089586 g=results/NHeohEpiCXcE7hgmLx2c
I P16_SRR089646
P16_SRR089664
P16_SRR089663
P16_SRR089659
P16_SRR0OB9662 Analysis Parameters
M16_SRR090210
M16
M1
M1 b bins of 500Kkb size (bowtier1015p reads)
M1 sing normalized read counts
: [l linkage, euclidean distance
® Tree display
* Summary (®) Normalized read counts (newick | xml | pdf | jpeg)
(©) Copy-number (newick | xml | pdf | jpeg)
Cell * CNV Profile #Reads = 'eanread  Readcount - Indexof
count variance dispersion )
() Correlations (newick | xml | pdf | jpeg)
O M16_SRR089711 | 15,311,446 2,855.02 1,023.36 0.36
& Download processed data
O M16_SRR089733 17,395,808 3,243.67 1,147.08 0.35
E——— Statistics: Bin count statistics for each cell (1 KB).
O M16_SRR090144 11,757,193 2,192.28 1,252.84 0.57 Breakpoints: Matrix that encodes whether a cell has a
breakpoint at a bin position; 1 = breakpoint present, 0 = no
breakpoint at that position; rows = bins, columns = cells (282
O M16_SRR090156 7,592,032 1,415.63 766.63 0.54 KB).
. Copy Number: Integer coopy-number state for each cell at
0O M16_SRR090158 ek U . 6,414,000 1,195.97 658.59 0.55 every bin position; rows = bins, columns = cells (283 KB).
- - Normalized Counts: Normalized bin counts for each cell at
gb.cshl.edu/ginkgo/?q=results/NHeohEpiCXcE7hgmLx2c/P16_SRR089662 B R N
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Gink
I n g 0 Single-cell analysis
Analysis complete!
View results
® Tree
e
e e S—
¥ Summary
Cell 4 CNV Profile #Reads = 'eanread
count
0O M16_SRR089711 | 15,311,446 2,855.02
O M16_SRR089733 | _ 17,395,808 3,243.67
0O M16_SRR090144 11,757,193 2,192.28
0O M16_SRR090156 7,592,032 1,415.63
0O M16_SRR090158 Lol il \...~': . 6,414,000 1,195.97
gb.cshl.edu/ginkgo/?g=results/NHeohEpiCXcEZhgmLx2c/M16_SRRO9...

Non-diploids from primary
and metastasis segregate

P16_SRR089604
P16_SRR089593
M16_SRR089733
M16_SRR089711
P16_SRR089586
P16_SRR089646
P16_SRR089664
P16_SRR089663
P16_SRR089659
P16_SRR089662
M16_SRR090210
M16_SRR090158
M16_SR090212
M16,
M16

Access your results later at the following address:

http://gb.cshl.edu/ginkgo?
g=results/NHeohEpiCXcE7hgmLx2c

Analysis Parameters

Genome: hg18
i aakley bins of 500kb size (powtie/1010p reads)
king normalized read counts
linkage, euclidean distance

(®) Normalized read counts (newick | xml | pdf | jpeg)

Read count Index of (O Copy-number (newick | xml | pdf | jpeg)
variance dispersion B
() Correlations (newick | xml | pdf | jpeg)
1,023.36 0.36
& Download processed data
1,147.08 0.35
Statistics: Bin count statistics for each cell (1 KB).
1,252.84 0.57 Breakpoints: Matrix that encodes whether a cell has a
breakpoint at a bin position; 1 = breakpoint present, 0 = no
breakpoint at that position; rows = bins, columns = cells (282
766.63 0.54 KB).
Copy Number: Integer coopy-number state for each cell at
658.59 0.55 every bin position; rows = bins, columns = cells (283 KB).

Normalized Counts: Normalized bin counts for each cell at




800 / 'Ginkgo x
&«

C' [ gb.cshl.edu/ginkgo/?q=results/NHeohEpiCXcE7hgmLx2c

G i n kgO Single-cell analysis

Analysis complete! and metastasis segregate

Non-diploids from primary

View results

| P16_SRR089604 Access your results later at the following address:

P16_SRR089593
M16_SRR089733
M16_SRR089711 http://gb.cshl.edu/ginkgo?
P16_SRR089586 g=results/NHeohEpiCXcE7hgmLx2c

I P16_SRR089646
P16_SRR089664

|_‘—:: P16_SRR089663
P16_SRR089659
P16_SRR089662 Analysis Parameters
M16_SRR090210

M16_SRR090158
M16_SRR090212 Genome: hg19

M16_SRR090144 Binning: variable bins of 500kb size (bowtie/1016p reads)
M16_SRR0O90136 . A "
Segmentation: using normalized read counts
s e, euclidean distance

* Summary (®) Normalized read counts (newick | xml | pdf | jpeg)

N Meanread Read count Index of () Copy-number (newick | xml | pdf | jpeg)

Cell CNV Profile # Reads . . .
count variance dispersion

() Correlations (newick | xml | pdf | jpeg)

O M16_SRR089711 | 15,311,446 2,855.02 1,023.36 0.36
& Download processed data
O M16_SRR089733 17,395,808 3,243.67 1,147.08 0.35
E——— Statistics: Bin count statistics for each cell (1 KB).

O M16_SRR090144 11,757,193 2,192.28 1,252.84 0.57 Breakpoints: Matrix that encodes whether a cell has a
breakpoint at a bin position; 1 = breakpoint present, 0 = no
breakpoint at that position; rows = bins, columns = cells (282

O M16_SRR090156 7,592,032 1,415.63 766.63 0.54 KB).

. Copy Number: Integer coopy-number state for each cell at
0O M16_SRR090158 ek U . 6,414,000 1,195.97 658.59 0.55 every bin position; rows = bins, columns = cells (283 KB).

- - Normalized Counts: Normalized bin counts for each cell at
gb.cshl.edu/ginkgo/?q=results/NHeohEpiCXcE7hgmLx2c/M16_SRRO9... B R N
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G i n kgO Single-cell analysis

Analysis complete!

View results

A — P16_SRR089604 Access your results later at the following address:

P16_SRR089593
M16_SRR089733
M16_SRR089711 http://gb.cshl.edu/ginkgo?
P16_SRR089586 g=results/NHeohEpiCXcE7hgmLx2c

I P16_SRR089646
P16_SRR089664

|_‘_':: P16_SRR089663
P16_SRR089659
P16_SRR089662 Analysis Parameters

M16_SRR090210
M16_SRR090158
M16_SRR090212 Genome: hg19

M16_SRR090144 Binning: variable bins of 500kb size (bowtie/1010p reads)
M16_SRR030156 Segmentation: using normalized read counts
Clustering: ward linkage, euclidean distance

® Tree display
* Summary (®) Normalized read counts (newick | xml | pdf | jpeg)
Meanread Read count Index of (O Copy-number (newick | xml | pdf | jpeg)
Cell - CNV Profile # Reads . .
count variance dispersion -
() Correlations (newick | xml | pdf | jpeg)
O M16_SRR089711 | 15,311,446 2,855.02 1,023.36 0.36
i B Download processed data
O M16_SRR089733 17,395,808 3,243.67 1,147.08 0.35
—— Statistics: Bin count statistics for each cell (1 KB).
O M16_SRR090144 11,757,193 2,192.28 1,252.84 0.57 Breakpoints: Matrix that encodes whether a cell has a
breakpoint at a bin position; 1 = breakpoint present, 0 = no
breakpoint at that position; rows = bins, columns = cells (282
O M16_SRR090156 7,592,032 1,415.63 766.63 0.54 KB).
Copy Number: Integer coopy-number state for each cell at
0O M16_SRR090158 6,414,000 1,195.97 658.59 0.55 every bin position; rows = bins, columns = cells (283 KB).

Normalized Counts: Normalized bin counts for each cell at
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Analysis complete!

GE=D View results

® Tree

¥ Summary

O M16_SRR089733

[ 5
S WAl M
Lt R

& M16_SRR090144

) Ty t

& M16_SRR090156

O M16_SRR090158 (ML &/ ¥

O M16_SRR090210  je L BLALEE |

O M16_SRR090212 ik W

M P18 SRRNRASARA

17,395,808

11,757,193

7,592,032

6,414,000

18,171,621

17,659,321

15 074 760

e

3,243.67

2,192.28

1,415.63

1,195.97

3,388.33

3,292.81

2 R10 RR

With selected cells, plot:‘ CNV profiles ‘ ‘ Lorenz curve ‘ ‘ GC bias ‘ ‘ MAD ‘

P16_SRR089604
P16_SRR089593
M16_SRR089733
M16_SRR089711
P16_SRR089586
P16_SRR089646
P16_SRR089664
P16_SRR089663
P16_SRR089659
P16_SRR089662
M16_SRR090210
M16_SRR090158
M16_SRR090212
M16_SRR090144
M16_SRR090156

1,147.08

1,252.84

766.63

658.59

1,866.61

1,741.57

910 3R

‘ Select all H Deselect all ‘

0.35

0.57

0.54

0.55

0.55

0.53

na32

Access your results later at the following address:

http://gb.cshl.edu/ginkgo?
g=results/NHeohEpiCXcE7hgmLx2c

Analysis Parameters

Genome: hg19

Binning: variable bins of 500kb size (bowtie/1010p reads)
Segmentation: using normalized read counts
Clustering: ward linkage, euclidean distance

® Tree display

(®) Normalized read counts (newick | xml | pdf | jpeg)
() Copy-number (newick | xml | pdf | jpeg)

() Correlations (newick | xml | pdf | jpeg)

I Download processed data
Statistics: Bin count statistics for each cell (1 KB).

Breakpoints: Matrix that encodes whether a cell has a
breakpoint at a bin position; 1 = breakpoint present, 0 = no
breakpoint at that position; rows = bins, columns = cells (282
KB).

Copy Number: Integer coopy-number state for each cell at
every bin position; rows = bins, columns = cells (283 KB).

Normalized Counts: Normalized bin counts for each cell at
every bin position; rows = bins, columns = cells (1.46 MB).

Normalized and Segmented Counts: Normalized and
segmented bin counts for each cell at every bin position;
rows = bins, columns = cells (1.46 MB).

m
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Analysis complete!

GED View results
® Tree O View analysis later
—— P16_SRR089604 Access your results later at the following address:

P16_SRR089593
M16_SRR089733
M16_SRR089711 http://gb.cshl.edu/ginkgo?
P16_SRR089586 g=results/NHeohEpiCXcE7hgmLx2c

— P16_SRR089646
P16_SRR089664 )
P16_SRR089663
P16_SRR089659 i
P16_SRR089662 Analysis Parameters

M16_SRR090210
M16_SRR090158
M16_SRR090212 Genome: hg19

M16_SRR090144 Binning: variable bins of 500kb size (bowtie/1010p reads)
M16_SRR090156 Segmentation: using normalized read counts
Clustering: ward linkage, euclidean distance

® Tree display

* Summary (®) Normalized read counts (newick | xml | pdf | jpeg)

WU u o T oy 1 — - 1 yuve ,uue 1T veus [RVIVRVV) (VRveS

() Copy-number (newick | xml | pdf | jpeg)

0O M16_SRR090158 6,414,000 1,195.97 658.59 0.55 () Correlations (newick | xml | pdf | jpeg)

0O M16_SRR090210 18,171,621 3,388.33 1,866.61 0.55 B Download processed data

O M16_SRR090212 17.659.321 3.292.81 1,741.57 0.53 Statistics: Bin count statistics for each cell (1 KB).
Breakpoints: Matrix that encodes whether a cell has a

O P16_SRR089586 15,074,760 2,810.88 910.36 0.32 e UEQIE IR ST el EETis 0=
breakpoint at that position; rows = bins, columns = cells (282
KB).

O P16_SRR089593 16,176,073 3,016.24 1,035.63 0.34

Copy Number: Integer coopy-number state for each cell at
every bin position; rows = bins, columns = cells (283 KB).

O P16_SRR089604 5,760,274 1,074.08 357.84 0.33
Normalized Counts: Normalized bin counts for each cell at
every bin position; rows = bins, columns = cells (1.46 MB).
With selected cells, plot: ‘ CNV profiles ‘ ‘ Lorenz curve ’ ‘ GC bias ‘ ‘ MAD ‘ ‘ Select all H Deselect all ‘ Normalized and Segmented Counts: Normalized and

segmented bin counts for each cell at every bin position;
rows = bins, columns = cells (1.46 MB).
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Analysis complete!

GE=D View results

® Tree

¥ Summary
0O M16_SRR090210
O M16_SRR090212
O P16_SRR089586
O P16_SRR089593
O P16_SRR089604
& P16_SRR089646
& P16_SRR089659

S . 4 A AN
PR T A

1

18,171,621

17,659,321

15,074,760

16,176,073

5,760,274

8,278,396

14,513,617

e

3,388.33

3,292.81

2,810.88

3,016.24

1,074.08

1,543.61

2,706.25

With selected cells, plot:‘ CNV profiles ‘ ‘ Lorenz curve ‘ ‘ GC bias ‘ ‘ MAD ‘

P16_SRR089604
P16_SRR089593
M16_SRR089733
M16_SRR089711
P16_SRR089586
P16_SRR089646
P16_SRR089664
P16_SRR089663
P16_SRR089659
P16_SRR089662
M16_SRR090210
M16_SRR090158
M16_SRR090212
M16_SRR090144
M16_SRR090156

1,866.61

1,741.57

910.36

1,035.63

357.84

834.04

1,459.16

‘ Select all H Deselect all ‘

0.55

0.53

0.32

0.34

0.33

0.54

0.54

Access your results later at the following address:

http://gb.cshl.edu/ginkgo?
g=results/NHeohEpiCXcE7hgmLx2c

Analysis Parameters

Genome: hg19

Binning: variable bins of 500kb size (bowtie/1010p reads)
Segmentation: using normalized read counts
Clustering: ward linkage, euclidean distance

® Tree display
(®) Normalized read counts (newick | xml | pdf | jpeg)
() Copy-number (newick | xml | pdf | jpeg)

() Correlations (newick | xml | pdf | jpeg)

I Download processed data
Statistics: Bin count statistics for each cell (1 KB).

Breakpoints: Matrix that encodes whether a cell has a
breakpoint at a bin position; 1 = breakpoint present, 0 = no
breakpoint at that position; rows = bins, columns = cells (282
KB).

Copy Number: Integer coopy-number state for each cell at
every bin position; rows = bins, columns = cells (283 KB).

Normalized Counts: Normalized bin counts for each cell at
every bin position; rows = bins, columns = cells (1.46 MB).

Normalized and Segmented Counts: Normalized and
segmented bin counts for each cell at every bin position;
rows = bins, columns = cells (1.46 MB).

m



8 00 / 'Ginkgo

ek

C' [ gb.cshl.edu/ginkgo/?q=results/NHeohEpiCXcE7hgmLx2c

Analysis complete!

GE=D View results

® Tree

¥ Summary
0O M16_SRR090210
O M16_SRR090212
O P16_SRR089586
O P16_SRR089593
O P16_SRR089604
& P16_SRR089646
& P16_SRR089659

With selected cells, plot: l @ =

S . 4 A AN
PR T A

1

18,171,621

17,659,321

15,074,760

16,176,073

5,760,274

8,278,396

14,513,617

e

3,388.33

3,292.81

2,810.88

3,016.24

1,074.08

1,543.61

2,706.25

‘ Lorenz curve ‘ ‘ GC bias ‘ ‘ MAD ‘

P16_SRR089604
P16_SRR089593
M16_SRR089733
M16_SRR089711
P16_SRR089586
P16_SRR089646
P16_SRR089664
P16_SRR089663
P16_SRR089659
P16_SRR089662
M16_SRR090210
M16_SRR090158
M16_SRR090212
M16_SRR090144
M16_SRR090156

1,866.61

1,741.57

910.36

1,035.63

357.84

834.04

1,459.16

‘ Select all H Deselect all ‘

0.55

0.53

0.32

0.34

0.33

0.54

0.54

Access your results later at the following address:

http://gb.cshl.edu/ginkgo?
g=results/NHeohEpiCXcE7hgmLx2c

Analysis Parameters

Genome: hg19

Binning: variable bins of 500kb size (bowtie/1010p reads)
Segmentation: using normalized read counts
Clustering: ward linkage, euclidean distance

® Tree display
(®) Normalized read counts (newick | xml | pdf | jpeg)
() Copy-number (newick | xml | pdf | jpeg)

() Correlations (newick | xml | pdf | jpeg)

I Download processed data
Statistics: Bin count statistics for each cell (1 KB).

Breakpoints: Matrix that encodes whether a cell has a
breakpoint at a bin position; 1 = breakpoint present, 0 = no
breakpoint at that position; rows = bins, columns = cells (282
KB).

Copy Number: Integer coopy-number state for each cell at
every bin position; rows = bins, columns = cells (283 KB).

Normalized Counts: Normalized bin counts for each cell at
every bin position; rows = bins, columns = cells (1.46 MB).

Normalized and Segmented Counts: Normalized and
segmented bin counts for each cell at every bin position;
rows = bins, columns = cells (1.46 MB).
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G I n kgO Single-cell analysis Canclick oncells to get in-
depth view

Analysis complete!

View results

® Tree
| P16_SRR089604 Access your results later at the following address:
P16_SRR089593
M16_SRR089733
M16_SRR089711 http://gb.cshl.edu/ginkgo?
P16_SRR089586 g=results/NHeohEpiCXcE7hgmLx2c
—— P16_SRR089646
P16_SRR089664
\—|—:: P16_SRR089663
Analysis Parameters
bins of 500kb size (bowtie/1010p reads)
s o ing normalized read counts
gy nkage, euclidean distance
® Tree display
* Summary (®) Normalized read counts (newick | xml | pdf | jpeg)
iy o ux” AMALAN —
O M16_SRR090210  MSMUMILEMEL 18,171,621 3,388.33 1,866.61 0.55 O Copy-number (newick | xmi | pdf | jpeg)
O M16_SRR090212 il &8 WEAL | 17,659,321 3,292.81 1,741.57 053 e o [ eeo)

O P16_SRR089586 15,074,760 2,810.88 910.36 0.32 B Download processed data

Statistics: Bin count statistics for each cell (1 KB).

O P16_SRR089593 BB RN 16,176,073 3,016.24 1,035.63 0.34
S Breakpoints: Matrix that encodes whether a cell has a
= breakpoint at a bin position; 1 = breakpoint present, 0 = no
O P16_SRR089604 — 5,760,274 1,074.08 357.84 0.33 breakpoint at that position; rows = bins, columns = cells (282
& P16_SRR089646 '1_'“ ""“ Wy 8,278,396 1,543.61 834.04 0.54 Copy Number: Integer coopy-number state for each cell at

every bin position; rows = bins, columns = cells (283 KB).

= - ,.. LALL¥ 06 54
PTG‘SRROE%SQ . LWL 14,513,617 2,706.25 1,459.16 0. Normalized Counts: Normalized bin counts for each cell at
gb.cshl.edu/ginkgo/?q=results/NHeohEpiCXcEZ7hgmLx2c/M16_SRR090210 B R N
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G i n kgO Single-cell analysis

Analysis complete!

Viewing cell M16_SRR090210

€ Back to tree
= Interactive Profile Viewer

M16_SRR090210

8.000
6.000
4.000
2.000

0.000
-2.000

500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Click + Drag: zoom in Shift + Click: move profile Double-click: zoom out Find gene: List genes in bin #

= Static Profile Viewer

Integer Copy Number Profile for Sample "M16_SRR090210"
Predicted Ploidy = 4.1
. T =
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G i n kgO Single-cell analysis

Analysis complete!

Interactive profile viewer
allows you to zoom into a

region of interest
Viewing cell M16_SRR090210 &

€ Back to tree

= Interactive Profile Viewer View region in UCSC browser

M16_SRR090210

8.000 Bin 4590
Position: chr18:6876114-7396581 [T
6.000 Copy-Number: 9
4.000
2.000
0.000
-2.000

4510 4515 4520 4525 4530 4535 4540 4545 4550 4555 4560 4565 4570 4575 4580 4585

Click + Drag: zoom in Shift + Click: move profile Double-click: zoom out Find gene: List genes in bin #

= Static Profile Viewer

Integer Copy Number Profile for Sample "M16_SRR090210"
Predicted Ploidy = 4.1

(2]
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o
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 202122 X Y
Chromosome




800 / 'Ginkgo x

°
- | 4
\\

€ - C [ gb.cshl.edu/ginkgo/?q=results/NHeohEpiCXcE7hgmLx2c/M16_SRR090210# e =

G i n kgO Single-cell analysis

Analysis complete!

Viewing cell M16_SRR090210

€ Back to tree

= Interactive Profile Viewer Viewregi inUC 3 browser

M16_SRR090210

8.000 Bin 4549
Position: chr17:66744135-67260606 [
6.000 Copy-Number: 4
4.000
2.000
0.000
-2.000

4510 4515 4520 4525 4530 4535 4540 4545 4550 4555 4560 4565 4570 4575 4580 4585

Click + Drag: zoom in Shift + Click: move profile Double-click: zoom out Find gene: List genes in bin #

= Static Profile Viewer

Integer Copy Number Profile for Sample "M16_SRR090210"
Predicted Ploidy = 4.1
- T =

(2]

gopy Ngmber
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7
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C' | 8 https://genome.ucsc.edu/cgi-bin/hgTracks?db=hg19&position=chr17%3A46497635-81195210&hgsid=451141399_24ZAg06j5SKRDcEKCemwgC... T¢| =

Genomes Genome Browser Tools Mirrors Downloads My Data View Help About Us

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

chr17:46,497,635-81,195,210 34,697,576 bp. ‘ enter position, gene symbol or search terms

|chr~17 (9421.32-925.3)

Scale 18 Mo} { hetg
chri7: 56,060, 008| 55,000, 068| 66,000, 868| 65,800, 068| 76,060, 606| 75,060, 068| 56,000,000
Mi6_SRRO96216

Anp1iF icat ions G
M1i6_SRR990210

We automat

Deletions
| UCSC Genes (RefSeq, GenBank, CCDS, Rfam, tRNAS & Comparative Genomics)
_ UCSC Genes [[MINGIMIIE (| 1 IET HI DT WS N OSSN (W RN D HIE I 0 s o ] DITDION & | NNk N e . .
amplificatior
Refseq Genes NEIINNENEE HH | | BT H DR D) GO N D HED D kb= » o D NI 4 1 O+ A
Publications: Seguences in Scientific Articles
seguences [IIRER M LEN (000000 OOEL 00O A A S N O O | O O

SNES ERUENN T 1 0 00 bun ime Tim re (e U TR i e wene veen v e wum ey e e
Human mRNAS from GenBank

tracks to the
browser

Human mRNAS

Human ESTs That Have Been Spliced

Spliced ESTs NI 1 AN N N A N 100 |
100 _ H3K27AC Mark (Often Found Near Active Regulatory Elements) on 7 cell lines from ENCODE

Layered HGK27AC [ 1

8

DNasel Hupersensitivity Clusters in 125 cell tupes from ENCODE (V3)
ONase Clusters [IINEIIRNIE VEL S S0 R LI 0000 IEm IR D00 e 0 e e v e e e
Transcription Factor ChIP-seq (161 factors) from ENCODE with Factorbook Motifs
Txn Factor ChIP Zzoom in to <= 16,088,808 bases to view items
4.85 _ 186 vertebrates Basewise Conservation by FhuloP

i, . I I e PN RV .
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Simple Nucleotide Folumorphisms (dbSNF 142) Found in >= 12 of Samples
| Common SNPs(142) Zoom in to <= 10,000,000 bases to view items
Repeating Elements by RepeatMasker
RepeatMasker Zoom in to <= 10,000,000 bases to view items
avelar Click ona fgatunje for details. Click or drag in the .base position track to TR TS
(<20 I[>] zoom in. Click side bars for track options. Drag side bars or labels up or (<120 1> )

down to reorder tracks. Drag tracks left or right to new position.
| track search || default tracks || default order || hide all || manage custom tracks || track hubs || configure || reverse || resize || refresh |

Use drop-down controls below and press refresh to alter tracks displayed.
Tracks with lots of items will automatically be displayed in more compact modes.

[ - | Custom Tracks
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dense % dense %
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ically upload
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G N kgO Single-cell analysis We can also annotate the
CNV profile with genes of

interest

Analysis complete!

Viewing cell M16_SRR090210

€ Back to tree

= Interactive Profile Viewer View region in UCSC browser

M16_SRR090210

8.000 Bin 4590
Position: chr18:6876114-7396581 [T
6.000 Copy-Number: 9
4.000
2.000
0.000
-2.000

4510 4515 4520 4525 4530 4535 4540 4545 4550 4555 4560 4565 4570 4575 4580 4585

Click + Drag: zoom in Shift + Click: move profile Double-click: zoom out Find gene: List genes in bin #

= Static Profile Viewer

Integer Copy Number Profile for Sample "M16_SRR090210"
Predicted Ploidy = 4.1

(2]
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G i n kgO Single-cell analysis

Analysis complete!

Viewing cell M16_SRR090210

€ Back to tree

= Interactive Profile Viewer View region in UCSC browser

M16_SRR090210

8.000 Bin 4590
Position: chr18:6876114-7396581 [T
6.000 Copy-Number: 9
4.000
2.000
0.000
-2.000

4510 4515 4520 4525 4530 4535 4540 4545 4550 4555 4560 4565 4570 4575 4580 4585

Click + Drag: zoom in Shift + Click: move profile Double-click: zoom out Find gene:| TP53 List genes in bin #

= Static Profile Viewer

Integer Copy Number Profile for Sample "M16_SRR090210"
Predicted Ploidy = 4.1

(2]

gopy Ngmber

o
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G i n kgO Single-cell analysis

Analysis complete!

Viewing cell M16_SRR090210

€ Back to tree

= Interactive Profile Viewer View region in UCSC browser

M16_SRR090210
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Click + Drag: zoom in Shift + Click: move profile Double-click: zoom out Find gene: TP53 List genes in bin #

= Static Profile Viewer
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G i n kgO Single-cell analysis

Analysis complete!

Viewing cell M16_SRR090210

€ Back to tree

= Interactive Profile Viewer View region in UCSC browser

M16_SRR090210
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4.000 m
2.000 U
0.000
-2.000
4250 4300 4350 4400 4450 4500 4550 4600
Click + Drag: zoom in Shift + Click: move profile Double-click: zoom out Find gene:| TP53 List genes in bin #

= Static Profile Viewer

Integer Copy Number Profile for Sample "M16_SRR090210"
Predicted Ploidy = 4.1
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G i n kgO Single-cell analysis

Analysis complete!

Viewing cell M16_SRR090210

€ Back to tree

= Interactive Profile Viewer View region in UCSC browser

M16_SRR090210
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6.000
4.000 m
2.000 U
0.000
-2.000
4250 4300 4350 4400 4450 4500 4550 4600
Click + Drag: zoom in Shift + Click: move profile Double-click: zoom out Find gene:| TP53 List genes in bin #

= Static Profile Viewer

Integer Copy Number Profile for Sample "M16_SRR090210"
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G i n kgO Single-cell analysis

Analysis complete!

Viewing cell M16_SRR090210

€ Back to tree

= Interactive Profile Viewer View region in UCSC browser

M16_SRR090210

8.000 [ ]
6.000
4.000 m
2.000 U
0.000
-2.000
4250 4300 4350 4400 4450 4500 4550 4600
Click + Drag: zoom in Shift + Click: move profile Double-click: zoom out Find gene:| BRCA2 -m List genes in bin #

= Static Profile Viewer

Integer Copy Number Profile for Sample "M16_SRR090210"
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€ Back to tree

8.000
6.000
4.000

Viewing cell M16_SRR090210

= Interactive Profile Viewer

G i n kgO Single-cell analysis

Analysis complete!

M16_SRR090210

View region in UCSC browser
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Click + Drag: zoom in

= Static Profile Viewer
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Shift + Click: move profile

3750

Double-click: zoom out
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Find gene:| BRCA2 List genes in bin #

Integer Copy Number Profile for Sample "M16_SRR090210"
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G i n kgO Single-cell analysis

Analysis complete!

Viewing cell M16_SRR090210

= Interactive Profile Viewer View region in UCSC browser

M16_SRR090210

€ Back to tree
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Click + Drag: zoom in Shift + Click: move profile Double-click: zoom out Find gene:| BRCA2 List genes in bin #

= Static Profile Viewer

Integer Copy Number Profile for Sample "M16_SRR090210"
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= Interactive Profile Viewer View region in UCSC browser

M16_SRR090210
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Click + Drag: zoom in Shift + Click: move profile Double-click: zoom out Find gene: ‘ BHCA.?I List genes in bin # ﬁ

= Static Profile Viewer

Integer Copy Number Profile for Sample "M16_SRR090210"
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Genome-wide read distribution
Genome Wide Read Distribution for Sample "M16_SRR090210"
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Click + Drag: zoom in Shift + Click: move profile

Double-click: zoom out Find gene:| BRCA2 List genes in bin # ﬁ

= Static Profile Viewer

Integer Copy Number Profile for Sample "M16_SRR090210"
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Genome-wide read distribution

Genome Wide Read Distribution for Sample "M16_SRR090210"
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Single cell data should fit a negative binomial distribution with A histogram of the scaled read count distribution. Samples with a

. i i ) The Lorenz curve gives the cumulative fraction of reads as a . . )
narrower histograms representing higher quality data. Wide . low coverage dispersion will have reads counts the closely bound
. i o . i function of the cumulative fraction of the genome. Perfect coverage .
histograms without a distinct peak are representative of a high ‘ ) X X X X the interger copy number state. These can be seen as clear peaks
o i uniformity results in a straight line with slope 1. The wider the curve . X
degree of amplification bias. Histograms with a mode near zero ) X X at integer values of the histrogram. Samples without clear peaks are
below the line of “perfect uniformity” the lower the coverage . )
have a high degree of “read dropout” and are generally the result of iformity of ) indicative of lower quality samples and we recommend choosing a
) ) uniformity of a sample. - 5 .
poor library preparation or technical sequencing error. larger binning interval to control the signal to noise ratio.
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GC Correction
GC Content vs. Bin Count GC Content vs. Bin Count
Sample M16_SRR090210 (Uncorrected) 3 Sample M16_SRR090210 (Corrected)
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Whole Genome Amplification (WGA) methods

DOP-PCR (Degenerate Oligonucleotide Primed PCR)

MDA (Multiple Displacement Amplification)

L"&T‘IJL“’“ Q _’\_
BT S-L=

MALBAC (Multiple Annealing and Looping Based Ampllﬁcatlon Cycles)

Paul Blainey, FEMS Microbiol Rev. 2013



Comparison of WGA methods

Paper WGA Method Tissue
Navinetal, 2011 DOP-PCR Breast (T10)
Navinetal., 2011 DOP-PCR Breast (T16P/M)
McConnnell et al., 2013 DOP-PCR Neuron

Luetal., 2012 MALBAC Sperm

Nietal., 2013 MALBAC Lung

Houetal,, 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

Overlay of All Datasets

All MDA Samples
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Coverage Dispersion
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Coverage Dispersion

Median Absolute Deviation of Neighboring Bins

DOP-PCR MALBAC

Median Absolute Deviation (MAD)
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MAD = median; ( | X; — median;(Xj;)| ),

Garvin and Aboukhalil et al., Nature Methods, 2015



summary

e Ginkgois aplatform for single-cell CNV analysis and visualization
e For copy-number analysis, we recommend DOP-PCR

e Checkout Ginkgo and give us feedback

e gb.cshl.edu/ginkgo
e Garvin and Aboukhalil et al., Nature Methods, 2015
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