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High-throughput	Sequencing	(HTSeq)	Platforms
• 454	Sequencing	/	Roche

• GS	Junior	System
• GS	FLX+	System

• Illumina
• NovaSeq System
• HiSeq System
• NextSeq
• MiniSeq/MiSeq

• Ion	Torrent	/	Thermo
• Personal	Genome	Machine
• Proton
• S5/S5XL

• Pacific	Biosciences
• PacBio RS

• Oxford	Nanopore Teechnologies
• MinION



NovaSeq 6000

2017	update	by	YM	Yeh

Developments	in	
high	throughput	
sequencing



NovaSeq System	Specifications



Compare	the	Illumina	High-throughput	machine

X	10



Interpreting	raw	data



Raw	Data	Format:	fasta
• fasta (Sanger)

FASTA
Header	line	“>”
Sequence



1. Removal of low quality bases/ Low complexity regions
2. Removal of adaptor sequences
3. Homopolymer-associated base call errors (3 or more 

identical DNA bases) causes higher number of (artificial) 
frameshifts 

All	Platforms	have	Errors

Illumina SoLiD Roche	454Ion	Torrent PacBio Nanopore



High quality	region	- NO	ambiguities	(Ns)

Trace	File

Medium quality	region	- SOME	ambiguities	(Ns)

Poor quality	region	- LOW	confidence



Accessing	Quality:	phred scores



Accessing	Quality:	
phred scores

https://en.wikipedia.org/wiki/Phred_quality_score



• FASTA
• Header	line	“>”
• Sequence

• FASTQ
• Add	QVs	encoded	as	single	byte	ASCII	codes

• Most	aligners	accept	FASTA/Q	as	input
• Issue:	data	is	volumous (2	bytes	per	base	for	FASTQ)
• Do	PHRED	scaled	values	provide	the	most	
information?	

Raw	Data	Format:	fastq



Raw	Data	Format:	fastq



Raw	Data	Format:	fastq



Fastq Quality

Relationship between Q and p using the Sanger (red) and Solexa (black) 
equations (described above). The vertical dotted line indicates p = 0.05, or 
equivalently, Q ≈ 13.



Phred +	33



Fastq Quality	Encoding



Quality	Control
Read	quality	distribution

Library	insert	size
Mapping	Rate

Duplication	assessment	



Quality	Control	Tools



FastQC



Example	Reports



SRA







SRA	Data	Structure



NCBI	Sequence	Read	Archive	(fastq)
an	NCBI-assigned	identifier,	and	the	description holds	the	original	identifier	
from Solexa/Illumina (as	described	above)	plus	the	read	length.	Sequencing	was	performed	in	
paired-end	mode	(~500bp	insert	size),	see SRR001666.	Notably	in	the	above	output	the	
paired-end	information	was	lost	when	the	data	was	extracted	from	the	NCBI	SRA	using	fastq-
dump	with	default	settings.

$	./prefetch SRR001666
$	./fastq-dump	SRR001666



NCBI	Sequence	Read	Archive	(fastq)
Further	to	note,	with	newer	fastq-dump	the	extracted	sequences	have	double-length	and	it	
turns	out	fastq-dump	concatenates	sequence	of	the	forward	and	reverse	reads	together	into	
a	non-sense:	

Better	approach	is	to	preserve	original	accessions	and	split	into	two	or	three	files	(forward,	
reverse,	singletons)

$	./fastq-dump	--origfmt --split-3	SRR001666





How	deep	should	we	go?
coverage

• a |	80%	of	yeast	genes	(genome	size	~120	Mb)	were	detected	at	4	million	uniquely	
mapped	RNA-Seq reads,	and	coverage	reaches	a	plateau	afterwards	despite	the	
increasing	sequencing	depth.	Expressed	genes	are	defined	as	having	at	least	four	
independent	reads	from	a	50-bp	window	at	the	3'	end.

• b |	The	number	of	unique	start	sites	detected	starts	to	reach	a	plateau	when	the	
depth	of	sequencing	reaches	80	million	in	two	mouse	transcriptomes.	ES,	
embryonic	stem	cells;	EB,	embryonic	body.	

doi:10.1038/nrg2484



Applications	on	Biomedical	Sciences

DNA
•Whole	Genome	Sequencing
•Exome	Sequencing
•De	novo	Genome	Sequencing
•Metagenome	Sequencing
•ChIP Sequencing

RNA
•Small	RNA	Sequencing
•Transcriptome	Sequencing
•De	novo	Transcriptome	Sequencing
•Metatranscriptome Sequencing



HTseq	Experiment



Data	Format	Types	

• Raw	Sequence	Data	e.g.	fasta/fastq

• Aligned	data	e.g.	SAM/BAM

• Processed	data	e.g.	BED



Analysis	Strategies:
Reference	Sequence	Alignment	(Mapping)	vs	de	novo	Assembly



de	novo	
Assembly

• Genomics assembly:
• Velvet,
• SOAPdenovo

• Transcript assembly:
• Trinity

http://player.slideplayer.com/27/9065734/



K-mers



Reference	Genome	Example:
assembly Genome	 years

GRCh38/hg38 Human Dec.	2013

GRCh37/hg19 Human Feb.	2009

NCBI36/hg18 Human Mar.	2006

NCBI35/hg17 Human May	2004

NCBI34/hg16 Human July	2003

GRCm38/mm10 Mouse Dec.	2011

NCBI37/mm9 Mouse July	2007

NCBI36/mm8 Mouse Feb. 2006

NCBI35/mm7 Mouse Aug.	2005

RGSC	6.0/rn6 Rat Jul.	2014

RGSC	5.0/rn5 Rat Mar.	2012

Baylor	3.4/rn4 Rat Nov.	2004

BDGP	R6+ISO1	MT/dm6 D.	melanogaster Aug.	2014

BDGP	R5/dm3 D.	melanogaster Apr.	2006



GFF/GTF	File	Format



UCSC	Table	
Browser



Reference	Sequence	Alignment	(Mapping)

DNA	mappers	are	plotted	in	blue,	RNA	mappers	in	red,	miRNA	mappers	in	green	and	
bisulphite mappers	in	purple.

PMID: 23060614



Comparison	of	Mapping	tools	(ROC	curve)	

http://seqanswers.com/forums/showthread.php?t=15200&page=5

• ChIP,	RNA-seqè bowtie2	à cufflinks
• SNP,	Indels,	methylation	è BWA	à GATK



Aggregate	bioinformatics	results	across	many	samples	into	a	single	report.

MultiQC: Summarize analysis results for multiple tools and samples in a single report
Philip Ewels, Måns Magnusson, Sverker Lundin and Max Käller
Bioinformatics (2016)
doi: 10.1093/bioinformatics/btw354
PMID: 27312411



RNA-Seq

• This	report	was	generated	using	logs	from	an	
analysis	accidentally	run	on	ChIP-Seq data	from	
the BI	Human	Reference	Epigenome	Mapping	
Project:	ChIP-Seq in	human	subject dataset	
(SRP001534).

• Initial	QC	was	done	using FastQC,	followed	by	
trimming	with TrimGalore! (a	wrapper	
around cutadapt).	Reads	were	aligned	
using STAR and	overlaps	counted	
with featureCounts.



Whole-Genome	Sequencing

• The	data	from	this	report	comes	from	an	analysis	of	
HapMap trio	samples,	run	by	the National	
Genomics	Infrastructre(NGI)	at	SciLifeLab,	Sweden.	
Initial	quality	control	was	done	
using FastQC and FastQ	Screen.	Reads	were	
processed	with GATK and	the	aligned	reads	
analysed using Picard.	Downstream	QC	was	done	
using Qualimap	BamQC andSnpEff.



SRA	&	FastQC Exercise





$	prefecth SRR5297773
$	fastq-dump	SRR5297773
$	fastq-dump	--split-files	SRR5297773	



IP:120.126.1.41

• Install
• “Putty”	http://www.putty.org/
• “filezilla”	https://filezilla-project.org/

ID:	std01	~std12










