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So, you want to do sequencing...?

3'Seq 3-seq 3P-seq AHT-ChIP-seq ARS-seq 
ATAC-seq BOINC-seq BS-seq Bar-seq BisChIP-
seq Bru-seq Bubble-seq CAB-seq CAGE-seq 
CHART-seq CLASH-seq CNV-seq CRE-seq 
Capture-C-seq Cel-seq ChIA-PET-seq ChIP-seq 
ChIRP-seq Chem-seq Chip-exo-seq Cir-seq 
DMS-seq DNAse-seq DNAseI-seq Dup-seq 
FAIRE-seq FRAG-seq FRT-seq Frac-seq Freq-
seq GRO-seq GTI-seq HELP-seq HITS-KIN-seq 
Hi-C-seq HiTS-Flip-seq IMS-MDA-seq IN-seq Ig-
seq Immuno-seq MeDIP-seq Methyl-seq Mu-seq 
NET-seq NOMe-seq Nascent-seq Novel-seq 
Nucleo-seq PAL-seq PAR-Clip-seq PARS-seq 
PARTE-seq PAS-seq PB-seq PD-seq PDZ-seq 
PRO-seq PTB-seq Pool-seq Precapture RNA-seq 
Quartz-seq RAD-seq RAP-seq RBBS-seq RIP-
seq RNA-seq Ren-seq Repli-seq Ribo-seq 
SELEX-seq SHAPE-seq SRE-seq SS3-seq 
STARR-seq Smart_seq Sono-seq Sort-seq 
Stable-seq Structure-seq TAB-seq TAm-seq 
TAmC-seq TIF-seq TIVA-seq Tn-seq TraDI-seq 
WIMP-seq dsRNA-seq fCAB-seq iCLIP-seq 
mutARS-seq oxBS-seq

http://liorpachter.wordpress.com/seq



Sanger sequencing

Nature Methods, 2008 Wikipedia



Sanger sequencing



Shotgun sequencing

Nature, 2001



2001: draft of the human genome



“Next-generation” sequencing

  



“Next-generation” sequencing

 or 

.. a whole lotta reads..



Illumina sequencing



An Illumina flowcell

Whiteford et al., Bioinformatics, 2009



Sequencing by synthesis



Sequencing by synthesis



Sequencing by synthesis



Illumina sequencing systems



Multiplexing

Illumina



Other technologies...

http://nextgenseek.com



Nanopore sequencing



The MinION



Pacific Biosciences



What's next?

● It's a rapidly evolving field
● Existing technologies continually improve

● Illumina started out as a small player 10 years 
ago (Solexa)

● Sequencing as a service?
● Benchtop (USB-sized?) sequencers?



The FASTQ format

@D256N5M1:31:C1B42ACXX:4:2305:3881:47
605

ACCCCCCACAGGGACCCTTGTCACGTCCCCCTAACTC
CCTGC

+

@?
@FDFFFDFFFDBGIIIIGDGHIG@GHIIIGEF@@DFH
GGI

@D256N5M1:31:C1B42ACXX:4:2311:15959:3
8092

GCAGTTTGGAATTTTAGCAGCTCTTTGGTTGCTAGGG
TCTTG

+

CCCFDFFFHHHHHJJJJJJJJJIJJJJJGIJJJJJJJ
CFHIG

@D256N5M1:31:C1B42ACXX:4:1210:9082:93
573

GCAGTTTGGAATTTTAGCAGCTCTTTGGTTGCTAGGG
TCTTG

+

CCCFFFFFHHHHHJJJJJJJJJJJJJIJEGIIJJJJJ
@FIIJ



FASTQ quality scores

Q10     1 in 10           90%
Q20     1 in 100         99%
Q30     1 in 1000       99.9%
Q40     1 in 10000     99.99%

Phred quality score
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FASTQ quality scores

Phred quality score

Q10     1 in 10           90%
Q20     1 in 100         99%
Q30     1 in 1000       99.9%
Q40     1 in 10000     99.99%



FASTQonfusion!

● Illumina: 
● CASAVA <= 1.3   Solexa
● CASAVA 1.3 – 1.7  Illumina
● CASAVA >= 1.8 Sanger (the “standard”)



Data quality and bias

● Sequencing errors
● Different for different techniques!

● Amplification in sample prep => duplicate reads
● GC bias

● Sample prep
● Bridge amplification



GC bias

Ross et al, Genome Biology, 2013



Workflow

CTAGTGATTTATCATCTAGGCCAGTGAATACCAGTGGGTGGCAACCCTACC
GAATGCTCGAGCGTTCATGCGAACGATCCGAGCGCATTTTCGGCGCACGAC
CATGATGTGTAGGTAATGATTCTGAGACAAATTGCAATTGGTTTTCATTTT
ATATTGGGGTTTGGATAAACTGTTAAGCAGATTTGTCTTTCCTGAAACACT
TGTCAGTAACATTTTAAAAACAGTACAAGACATAATAGTGCCCATTGGGC
ATAACTGTCAAATGAAACAATCATCAAGTGAATTGAGTTTTAGTAGGAAT
CAGGGGTCTTGCCTGACAGAAGTGGGATTAACAGGATTCTAAAAAAAGCT
TTACAGATCGCCAAACCACAACAACAATAACAAAGGCATGGATAGGGATCC
TTAAAAAGCTTATCCCAATATGAATTGTTCCATATGGACCACTGTCAGAGG
GATTTTCCCGGGCTTAGGAAGGGGAGGAGCGAGCAAGACAGCCTACCTTTT

Identification of duplicates

Quantification

Peak calling

….

Mapping to reference



Workflow

CTAGTGATTTATCATCTAGGCCAGTGAATACCAGTGGGTGGCAACCCTACC
GAATGCTCGAGCGTTCATGCGAACGATCCGAGCGCATTTTCGGCGCACGAC
CATGATGTGTAGGTAATGATTCTGAGACAAATTGCAATTGGTTTTCATTTT
ATATTGGGGTTTGGATAAACTGTTAAGCAGATTTGTCTTTCCTGAAACACT
TGTCAGTAACATTTTAAAAACAGTACAAGACATAATAGTGCCCATTGGGC
ATAACTGTCAAATGAAACAATCATCAAGTGAATTGAGTTTTAGTAGGAAT
CAGGGGTCTTGCCTGACAGAAGTGGGATTAACAGGATTCTAAAAAAAGCT
TTACAGATCGCCAAACCACAACAACAATAACAAAGGCATGGATAGGGATCC
TTAAAAAGCTTATCCCAATATGAATTGTTCCATATGGACCACTGTCAGAGG
GATTTTCCCGGGCTTAGGAAGGGGAGGAGCGAGCAAGACAGCCTACCTTTT

Identification of duplicates

Quantification

Peak calling

Assembly

….



Mapping to reference

● Genome or transcriptome
● Any other set of sequences 



Repetitive sequence



● How to deal with repeats 
during mapping?

● What can be done 
experimentally?
● Longer reads
● Paired-end reads

Repetitive sequence



Difficulties

● Sequencing errors
● Errors in reference genome
● Polymorphisms 

● Insertions
● Deletions
● SNPs

● Spliced alignment



Mapping RNA-seq / spliced 
alignment



Approaches to mapping



Burrows-Wheeler transform

Langmead et al, 2009



Next-gen seq applications

The ENCODE Consortium



  

Big Data



  

Big Data

five

Value



  

Challenges

● Storage
● From terabytes to petabytes

● Analysis
● Computational resources

– Memory
– CPU

● Sharing
● Bandwidth



  

Lincoln Stein (via C. Titus Brown)



  

Opportunities

● A wealth of data in public databases
● Computational analysis:

● Reproducible
● Not dependent on lab / materials

● Cloud-based analysis
● Amazon AWS
● National HPC and e-Science resources

– The Netherlands: SURFsara



  



  

Bioinformatic analysis in a nutshell

“Do something”

Mostly text:
● Sequences
● Genomic coordinates
● Etc.
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A side note...

Bioinformatician? Computational 
Biologist? Data analyst? Data 
curator? Database developer? 
Statistician? Mathematical 
Modeler? Software Developer? 
Ontologist? Programmer?

So you want to be a computational biologist? Loman & Watson, 2013



  



  

Computational Biology

● It's about the biology
● It's research
● The computer is just the tool used to answer 

interesting questions
● Iterative, collaborative process between wet-lab 

and dry-lab



  

Bioinformatic analysis in a nutshell

“Do something”

Mostly text:
● Sequences
● Genomic coordinates
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Mostly text:
● Sequences
● Genomic coordinates
● Etc.



  

 http://www.clcbio.com



  

http://www.ncbi.nlm.nih.gov



  

http://galaxyproject.org



  

An alternative



  

The command line



  

Why?

Viktor M. Vasnetsov - Wikipedia



  

The command line

● Powerful
● Great control over what you're doing
● Run multiple jobs 

● at once
● hundreds of 'em!

● Many computational tools don't have a GUI
● Reproducible, reusable research

● (In theory...)



  

The command line



  

An example

ChromHMM, Ernst & Kellis, 2012



  

An example

● Studying development in Xenopus tropicalis
● 10 different assays in 5 different stages of 

development
● Next-gen sequencing data
● Analysis steps:

● 1) Mapping +  “peak-calling”
● 2) Combine data in ChromHMM and learn model
● 3) Run analyses and make figures
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An example

● Studying development in Xenopus tropi
● 10 different assays in 5 different stages 

development
● Next-gen sequencing data
● Analysis steps:

● 1) Mapping +  “peak-calling”
● 2) Combine data in ChromHMM and learn model
● 3) Run analyses and make figures



  

That's one unhappy PhD student..



  

Instead...

$ sed -i 's/JGI_7.1/JGI_8.0/' config.txt

$ ./run_analysis.sh config.txt

● Change configuration file
● Start script 
● Go home and watch Netflix Continue with 

new, exciting analysis



  

Other advantages

● Load-whole-file versus streaming

● Data doesn't always all fit into memory
● A lot of biological data is just text
● Can be processed line by line



  

General considerations

● Understand your goals
● Step-by-step, don't try to do it all at once
● Try to break your own scripts
● Choose appropriate methods and tools



  



  

Today

● Familiarize yourself with the Linux command 
line

● Next-gen file formats
● FASTQ
● BAM

● Mapping (?)



SSH (Secure Shell)

● Connect to server
● Clients available for

every OS
● Perform analysis

remotely



SSH (Secure Shell)

● Connect to server
● Clients available for

every OS
● Perform analysis

remotely
● Server can have

lots of memory
and CPU power



For Windows: Putty



For Windows: WinSCP



Server IP addresses

● 23.20.162.10
● 54.80.42.82
● 23.20.67.155
● 54.198.43.176
● 54.81.15.78
● 54.242.170.57
● 54.80.155.251
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