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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.

p Standard genome sequencing

]

DNA is broken into fragments The sequences are assembled to give a

A sample containing thousands to DNA is extracted from all the nuclei.
and then sequenced. common, ‘consensus’ sequence.

millions of cells is isolated.

» Single-cell sequencing

Hardly
any DNA

DNA amplification [

The DNA is extracted and amplified, Amplified DNA is sequenced. Errors introduced in earlier steps make
sequence assembly difficult; the final

sequence can have gaps.

A single cell is difficult to isolate, but
it can be done mechanically or with during which errors can creep in.

an automated cell sorter.

Brian Owens, Nature News 2012
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Whole Genome Amplification (WGA) methods

DOP-PCR (Degenerate Oligonucleotide Primed PCR)
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MALBAC (Multiple Annealing and Looping Based Amplification Cycles)

Paul Blainey, FEMS Microbiol Rev. 2013



Whole Genome Amplification (WGA) methods
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Copy-number variant analysis

Low coverage allows us to study copy-number variants



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
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Circular Binary Segmentation

* Recursively divide up the genome until identify segments
that have probe distribution different than neighbors




Circular Binary Segmentation

» Recursively divide up the genome until identify segments
that have probe distribution different than neighbors
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Circular Binary Segmentation

» Recursively divide up the genome until identify segments
that have probe distribution different than neighbors
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Normalized Read Counts
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Analysis Pipeline
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Motif Tools The Galaxy Team is a part of the Center for Comparative This instance of Galaxy is utilizing infrastructure
Genomics and Bioinformatics at Penn State, and the generously provided by the iPlant Collaborative at the
NGS TOOLBOX BETA Department of Biology and at Johns Hopkins University. Texas Advanced Computing Center, with support from the

< National Science Foundation. N
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Auto-detect

This will inspect the dataset and attempt to correct the above column values if they are not accurate.
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Motif Tools The Galaxy Team is a part of the Center for Comparative This instance of Galaxy is utilizing infrastructure
Genomics and Bioinformatics at Penn State, and the generously provided by the iPlant Collaborative at the
NGS TOOLBOX BETA Department of Biology and at Johns Hopkins University. Texas Advanced Computing Center, with support from the

I National Science Foundation.
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Advanced Search
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Ginkgo Preprocessing robertaboukhalil ;sominutes
Galaxy Variant 101 « galaxyproject Mar 06, 2015
Trim Reads Based on Quality (imported from uploaded file) |+ jdlim Feb 28, 2015
RNAseqTRAPLINE  « 2:3:;3?;;3:3 dd:Lat;:::es:Piir:):LITI:;n-s?r;::LNE. mwolfien L 8 8 6 0 ¢ de | | fastq rnaseq tophat2 cummerbund = Feb 25, 2015
TF_ayalawol_302504840 ayalalol Feb 19, 2015
Bioinfo525_lab4 |+ jing-07 rnaseq Feb 09, 2015
Lab_3_Bioinformatica |+ mususu Feb 07, 2015
Picard Quality stat on BAM' « umar Jan 26, 2015
Quality stat on BAM umar Jan 26, 2015
Quality Statistics work flow umar Jan 26, 2015
GATK b37 unified genotyper (old) « umar Jan 26, 2015
mpileup Hgl9 MQ 40 BQ 30 |+ umar Jan 26, 2015
:/;hlllgl;elrc:;iz;:ﬁtﬁlicaze removal GATK recalibration mpileup umar Jan 26, 2015
Mpileup BED test umar Jan 26, 2015
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Published Workflows | robertaboukhalil | Ginkgo Preprocessing
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Galaxy Workflow ' Ginkgo Preprocessing'
Annotation:

Step Annotation

Step 1: Input dataset

Input Dataset
select at runtime

Step 2: Bowtie2

Is this library mate-paired?
Single-end

FASTQ file

Output dataset 'output’ from step 1

Write unaligned reads to separate file(s)
False

Will you select a reference genome from your history or use a built-in index?
Use a built-in index

Select a reference genome

hgl9

Specify the read group for this file?
No

Parameter Settings
Use defaults

Step 3: Filter SAM or BAM, output SAM or BAM

SAM or BAM File to Filter
Output dataset 'output’ from step 2

Header in output

Include Header
https:/ /usegalaxy.org/workflow/imp?id=c332d1bbd62e139d

Import workflow

About this Workflow

Author
robertaboukhalil
Related Workflows

All published workflows
Published workflows by
robertaboukhalil

Rating

Community
(0 ratings, 0.0 average)

Yours
Tags
Community: none
Yours:

A
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Delete
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Expand All

Collapse

History C O D:I
searc s 0

Unnamed history

1 shown

394.8 M8 Al N

Annotation:

Click here to edit annotation

1: EBI SRA: SRRO54622 Fi @ 4 X
le: ftp://ftp.sra.ebi.ac.uk
/voll/fastq/SRRO54/SRR054622 /SR
R054622.fastq.qz
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: rmdup on data 3
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0 Successfully ran workflow "Ginkgo Preprocessing”. The following datasets have been added to the queue:
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R054622.fastq.qz
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5: rmdup on data 3 (as @ &S X
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~1,000,000 regions

format: bed, database: hg19
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Annotation:
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display in IGB View

display at Ensembl Current
display at RViewer main
display at UCSC main

1.Chrom 2.Start 3.End 4.Name

chrl® 61988 62036 SRR254622.2038¢
chrl® 69293 69141 SRR@54622.2024%
chrl® 69098 69146 SRR@54622.4815¢
chrl® 69099 69147 SRR54622.7393:
chrl@ 72859 72927 SRR@54622.1184¢
chrl® 92035 92083 SRR54622.2364%

1: EBI SRA: SRRO54622 Fi @ 4 X
le: ftp://ftp.sra.ebi.ac.uk
/voll/fastq/SRRO54/SRR054622 /SR
R054622.fastq.qz




® 00 / -_Calaxy

€& - C {8 https://usegalaxy.org/root?workflow_id=c332d1bbd62e139d

Tools

I+

search tools

Get Data

Send Data

Lift-Over

Text Manipulation
Convert Formats

Filter and Sort

Join, Subtract and Group
NGS: QC and manipulation
NGS: Mapping

NGS: BAM Tools

NGS: Picard

Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Graph/Display Data
Phenotype Association
snpEff

BEDTools

Genome Diversity
EMBOSS

Regional Variation
FASTA manipulation
Evolution

Multiple Alignments
Metagenomic analyses
Motif Tools

NGS TOOLBOX BETA

1 3 4

chr10 61988 62036 SRR054622.2038687 30 +
chr10 69093 69141 SRR054622.2024583 30 +
chrl0 69098 69146 SRR054622.481587 30 +
chr10 69099 69147 SRR054622.739359 30 +
chr10 72859 72907 SRR054622.1184885 30 -
chr10 92035 92083 SRR054622.2364537 30 -
chrl0 101602 101650 SRR054622.2476079 30 -
chrl0 108416 108464 SRR054622.501574 35 -
chrl0 108416 108464 SRR054622.2321097 25 +
chrl0 110108 110156 SRR054622.1050882 34 -
chrl0 112519 112567 SRR054622.1459050 30 +
chrl0 112525 112573 SRR054622.651721 26 +
chrl0 113723 113771 SRR054622.2235401 30 -
chrl0 114074 114122 SRR054622.2190816 30 +
chrl0 114078 114126 SRR054622.1006253 30 +
chrl0 124019 124067 SRR054622.2081693 42 +
chrl0 130959 131007 SRR054622.213507 40 +
chrl0 132896 132944 SRR054622.1964746 34 +
chrl0 132905 132953 SRR054622.161640 35 +
chrl0 132910 132958 SRR054622.1169143 34 -
chrl0 135289 135337 SRR054622.1757379 42 -
chrl0 137966 138014 SRR054622.1142440 42 +
chrl0 141733 141781 SRR054622.1035785 42 +
chrl0 143964 144012 SRR054622.1722443 42 -
chrl0 148479 148527 SRR054622.879161 42 +
chrl0 148669 148717 SRR054622.1663231 26 +
chrl0 168517 168565 SRR054622.1615104 42 -
chrl0 168526 168574 SRR054622.1661154 42 -
chrl0 168651 168699 SRR054622.2720453 30 +
chrl0 173788 173836 SRR054622.2499973 42 -
chrl0 176020 176068 SRR054622.1912131 42 +
chrl0 179265 179313 SRR054622.1985607 40 -
chrl0 182939 182987 SRR054622.1731700 42 -
chrl0 182940 182988 SRR054622.1479478 42 -

1R2GAN_ 1R30NR  SRR054622.531468 40 +

I rnr
https://usegalaxy.org/datasets/bbd44e69cb8906b5 14ab3fface8aldlf/display?to_ex...
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History COD:I
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Unnamed history
2 shown, 3 hidden
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Annotation:
Click here to edit annotation

S:rmdupondata3d(as @ 4 %
BED)

~1,000,000 regions

format: bed, database: hg19
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Click here to edit annotation

display in IGB View
display at Ensembl Current
display at RViewer main
display at UCSC main

1.Chrom 2.Start 3.End 4.Name

chrl® 61988 62036 SRR254622.2038¢
chrl® 69293 69141 SRR@54622.2024%
chrl® 69098 69146 SRR@54622.4815¢
chrl® 69099 69147 SRR54622.7393:
chrl®d 72859 72927 SRR54622.1184%
chrl® 92035 92083 SRR54622.2364%

1: EBI SRA: SRRO54622Fi @ 4 x
le: ftp://ftp.sra.ebi.ac.uk
/voll/fastq/SRRO54/SRR054622 /SR
R054622.fastq.qz
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Hands-on with Ginkgo

Ginkgo: gb.cshl.edu/ginkgo
Sample Data: gb.cshl.edu/ginkgo/vizbi2015.tar



