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Overview!

•  Introduction: !
–  Summary of NGS technologies!

– Data formats and quality assessment!

•  Alignment!
– Tools and formats!
– Visualization!

•  RNA-seq analysis!
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Technology – NextGenSeq!

• Over the past few years, the “Next 
Generation” of sequencing technologies 
has emerged.!

•  Three major players:!
– Roche: GS-FLX, GS-Junior!

– Applied Biosystems: SOLiD 4!
–  Illumina: Genome Analyzer / HiSeq2000!
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Roche GS-FLX (454)!

•  10 hours per run!
•  1.3 million reads per run!

•  Read length of ~400bp!

• Generates ~500 Mb per run!
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Roche GS-Junior!

•  10 hours per run!
•  100,000 reads per run!

•  Read length of ~400bp!

• Generates ~ 35 Mb per run (filtered)!
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Applied Biosystems SOLiD 4!

•  4-16 days per run (35bp SE vs 50bp MP)!
•  1.4 billion reads/run!

•  Read length of 50bp (x2) !

• Generates ~ 100Gbp per run!
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Illumina Genome Analyzer IIx!

•  5 days per run!
•  250 million reads/run!

•  Read length of 100bp (x2) (variable)!

• Generates ~ 25 Gb per run!

•  Accuracy rate: >98.5%!
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Illumina HiSeq2000!

•  8 days per run!
•  1 billion reads/run!

•  Read length of 100bp (x2)!

• Generates ~ 200 Gb per run!
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Illumina flow cell!

Quail et al. Current protocols in human genetics (2009) vol. Chapter 18 pp. Unit 18.2!

www.illumina.com!
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Illumina sequencing!
www.illumina.com!
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Illumina sequencing!
www.illumina.com!
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Illumina sequencing!
www.illumina.com!
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Illumina sequencing! www.illumina.com!



NGS data analysis: 27 October 2010       13!

http://www.illumina.com/documents/products/datasheets/datasheet_genomic_sequence.pdf!

Single-end sequencing!

•  Size select DNA fragments and 
add adapters (A1 and A2).!

•  A1 also has sequencing primer 
(SP1) attached.!

•  Sequencing occurs on A2 
fragment.!
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http://www.illumina.com/documents/products/datasheets/datasheet_genomic_sequence.pdf!

Paired-end sequencing!

•  Size select DNA fragments 
and add adapters and primers
(A1+SP1 and A2+SP2).!

•  Sequencing occurs on both 
fragments.!

•  The distance between the 
sequenced read pair is called 
the “insert size”.!
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http://www.illumina.com/documents/products/datasheets/datasheet_genomic_sequence.pdf!

Mate-pair sequencing!

•  Label ends of long DNA fragment.!
•  Circularize and fragment again.!

•  Enrich (amplify) the biotin labeled 
fragments.!

•  Proceed as for paired-end reads 
(basically “mate-pairs” are paired 
ends with a long insert size).!
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Experiments!

• DNA-seq: de novo, resequencing!
•  RNA-seq: mRNA, ncRNA, smRNA…!

•  ChIP-seq: Chromatin ImmunoPrecipitation!

• Methyl-seq: methylated DNA (epigenome)!
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Assessing quality: phred scores!

http://en.wikipedia.org/wiki/Phred_quality_score!

Ewing B, Green P. (1998): Base-calling of automated sequencer traces using 
phred. II. Error probabilities. Genome Res. 8(3):186-194.!

! 

Q = "10log10 P P=error probability of a!
given base call!
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Assessing quality: phred scores!

http://en.wikipedia.org/wiki/Phred_quality_score!

!Can use ASCII to represent quality scores by adding 
33 to the phred score (although Illumina scores use 
an offset of 64) and converting to ASCII.!
–  Illumina quality score of 40 becomes 40+64=104: “h” !
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http://en.wikipedia.org/wiki/Phred_quality_score!
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Data format!

•  The FASTQ format allows the storage 
of both sequence and quality 
information for each read.!

•  This is a compact text-based format that 
has become the de facto standard for 
storing data from next generation 
sequencing experiments.!
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Fastq format!
@HWUSI-EAS582_157:6:1:1:1501/1 
NCACAGACACACACGAACACACAAAGACATGCCCATATGAAGAT 

+ 
%.7786867:778556858746575058873/347777476035 
@HWUSI-EAS582_157:6:1:1:1606/1 

NCTGGCACCTTGATTTTGGACTTCCCAGCCTCCAGAACTGTGAG 
+ 
%1948988888798988366898888648998788898888588 
@HWUSI-EAS582_157:6:1:1:453/1 

NCTGCTTGCACCCCTGAAGTCACTGATCACATTTCAGGGTCACC 
+ 
%/868998988888867668888986644788988413488885 
@HWUSI-EAS582_157:6:1:1:1844/1 

NGATTGACATTGGCAAAGAGGACAACTGATTGCAAACTTCACAC 
+ 
%-7;:::::;86499;75574586::635:62687666887879 

@HWUSI-EAS582_157:6:1:1:1707/1 
NAGGCTCAGGCGCACGGCCTACATCGTCGCTGTCGGCCAAGGGG 
+ 
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FASTQ format!
@HWUSI-EAS582_157:6:1:1:1501/1 
NCACAGACACACACGAACACACAAAGACATGCCCATATGAAGAT 

+ 
%.7786867:778556858746575058873/347777476035 
@HWUSI-EAS582_157:6:1:1:1606/1 

NCTGGCACCTTGATTTTGGACTTCCCAGCCTCCAGAACTGTGAG 
+ 
%1948988888798988366898888648998788898888588 
@HWUSI-EAS582_157:6:1:1:453/1 

NCTGCTTGCACCCCTGAAGTCACTGATCACATTTCAGGGTCACC 
+ 
%/868998988888867668888986644788988413488885 
@HWUSI-EAS582_157:6:1:1:1844/1 

NGATTGACATTGGCAAAGAGGACAACTGATTGCAAACTTCACAC 
+ 
%-7;:::::;86499;75574586::635:62687666887879 

@HWUSI-EAS582_157:6:1:1:1707/1 
NAGGCTCAGGCGCACGGCCTACATCGTCGCTGTCGGCCAAGGGG 
+ 

http://en.wikipedia.org/wiki/FASTQ_format!

“Read” (sequence)!

Quality scores (phred-33)!
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FastQC!

•  Simple java-based tool for quality 
assessment of next generation 
sequencing data.!

•  Takes FASTQ file as input and generates 
multiple QC plots.!

• No ability to customize or interact with 
plots.!
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http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/!

FastQC!
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FastQC!
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FastQC!
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Assembly!

•  De novo genome assembly based on short 
read data is a major computational task.!

•  A number of specialized tools exist:!
– ABySS, gap4, Geneious, Mira, Newbler, 

SSAKE, SOAPdenovo, Velvet…. !
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• Galaxy provides a web-based application 
for the analysis of sequence data!

•  Includes tools for the analysis and 
manipulation of NGS data!

•  Simple and extensible interface!
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http://galaxy.psu.edu/!
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http://bitbucket.org/galaxy/galaxy-central/wiki/Citations!
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http://main.g2.bx.psu.edu/!
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Import fastq data!

“Groom” imported 
data for use in other 
modules!

Mask low quality 
bases with N’s!
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Alignment!

•  If a “reference” genome exists for the 
organism you are sequencing, reads can be 
“aligned” to the reference.!

•  This involves finding the place in the 
reference genome that each read matches to.!

•  Due to high sequence similarity within 
members of the same species, most reads 
should map to the reference.!
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Tools for generating alignments!

•  There are MANY software packages available 
for aligning data from next generation 
sequencing experiments.!

•  Two of the most popular are:!
–  BWA:  http://bio-bwa.sourceforge.net!

–  Bowtie:  http://bowtie-bio.sourceforge.net!

•  Both utilize the “Burrows-Wheeler Transform.”!
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http://bowtie-bio.sourceforge.net/index.shtml!
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http://bowtie-bio.sourceforge.net/index.shtml!
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http://bio-bwa.sourceforge.net/!
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http://bio-bwa.sourceforge.net/!
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Alignment formats!

•  SAM (Sequence Alignment/Map) format 
has become the de facto standard for 
storing alignment data.!

•  BAM is a binary version of SAM allowing 
more efficient storage.!
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http://samtools.sourceforge.net/!
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SAMtools!
•  SAMtools provides a command line interface for 

manipulation of SAM/BAM formatted data.!

• Open source and multi-platform (R package 
available: Rsamtools).!

•  Able to:!
–  Extract reads from specific genomic region !

– Operate on remote files!
– Much more….!

http://samtools.sourceforge.net/!



NGS data analysis: 27 October 2010       49!

SAM format!

 ERR005646.11088674      147     1       161099954      60      
54M     =       161099742       -266    
TTTTCTGAACAGGGATGATATTTGTAATTTCATAGAATTAAGAGATATCTGACT  
89=<;@>EECFCBBFFCAEFBGB=FFFC?@AB@G=FFB@CABABA?A@<>>=;=  
XT:A:U  NM:i:0  SM:i:37 AM:i:37 X0:i:1  X1:i:0  XM:i:0  
XO:i:0  XG:i:0  MD:Z:54 RG:Z:ERR005646  OQ:Z:D?
FFEEEFFFFFFFFFFEFFDFECFFFE;EEEEFCFFEEEEFEFECEEC=E;EF 

 ERR005646.5518024       147     1       161099956       60      
54M     =       161099847       -163    
TTCTGAACAGGGATGATATTTGTAATTTCATAGAATTAAGAGATATCTGACTCT  :
68=<A@@A???AB?A>ABBB>@CABCAAA>B@BAB@BA@A@A@A@=A=A=>;<  
XT:A:U  NM:i:0  SM:i:37 AM:i:37 X0:i:1  X1:i:0  XM:i:0  
XO:i:0  XG:i:0  MD:Z:54 RG:Z:ERR005646  
OQ:Z:ECEEEEEEEEDEEEEE>EEEEEEEEEEEEE@EEEEEBEEEEEEEEECCCBEEEE 
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SAM format!
http://samtools.sourceforge.net/!
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Alignment using BWA and SAMtools!
# download a test reference genome (TAIR9 Chromosome 1) 
wget http://biocluster.ucr.edu/~tbackman/genome.fasta 
# download some test Illumina reads from Arabidopsis 
wget http://biocluster.ucr.edu/~tbackman/query.fastq 
# index reference genome 
bwa index -a is genome.fasta 
# perform alignment 
bwa aln genome.fasta query.fastq > output.sai 
# generate SAM formatted alignment output 

bwa samse -n -1 genome.fasta output.sai query.fastq > output.sam 
# use samtools to generate bam file  
samtools view -bS -o output.bam  output.sam 
# sort entries in bam file 
samtools sort output.bam output.sorted 
# index reads in bam file 
samtools index output.sorted.bam 

Code from:  http://manuals.bioinformatics.ucr.edu/home/ht-seq!
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Alignment using Galaxy!
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Visualization!

• Many (many!) genome browsers available:!
– UCSC Genome Browser!

–  Ensembl!
– Gbrowse!
–  1000 Genomes Browser!

–  Integrative Genomics Viewer (IGV)!
!…!
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Visualization: IGV!

• Developed at the Broad Institute (MIT)!
• Wide variety of data types: !

–  Sequence alignments!

– Microarrays (SNP, CNV, expression…)!
– Genomic annotations!

http://www.broadinstitute.org/igv!
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IGV with NGS data!

http://www.broadinstitute.org/igv!
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IGV with NGS data!

http://www.broadinstitute.org/igv!
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http://www.bioinformatics.bbsrc.ac.uk/projects/seqmonk/!

SeqMonk!
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RNA-seq analysis!

•  RNA-seq is rapidly gaining ground on 
microarray technology in terms of popularity:!
–  Sequence and align RNA fragments!
– Generate counts for genes/exons/regions!
–  Perform comparative analysis (e.g., differential 

expression)!

•  Some pitfalls: e.g., transcript length bias…!
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RNA-seq walkthrough!

•  View aligned data in SeqMonk!
• Generate counts for each gene!

•  Export and perform differential expression 
analysis via limma in GenePattern!
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• Data obtained from yeast RNA-seq experiment!
• Wild-type versus RNA degradation mutants !

•  Subset of data (chromosome 1)!

•  Six samples (3 WT / 3 MT)!
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http://genepattern.auckland.ac.nz!
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http://www.broadinstitute.org/cancer/software/genepattern/!

Reich M, Liefeld T, Gould J, Lerner J, Tamayo P, Mesirov JP 
GenePattern 2.0 Nature Genetics 38 no. 5 (2006): pp500-501!
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http://www.bioconductor.org/packages/release/bioc/html/limma.html!
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