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A Three Part Tour
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What to Expect
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High-level overview
Programs you CAN use 
Some commonly used options
Quality control checks

WILL
COVER

WON’T
COVER

Nitty-gritty theory
Programs you SHOULD use
All the options
How to install programs, use Unix, etc.



Keep Track Along the Way
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platform, # reads, 
cycles, quality, 

base composition, 
duplicates

genome, program, 
rRNA, unmapped, 

exon/intron/intergenic, 
junctions, isoform,

multimap, coverage

annotation, normalization,
value +/- variance, 

replicates, error model, 
multiple-correction, top100
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FastQ Stores Both Sequence and Quality
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$ cd bodymap
$ ls data
$ zcat data/ER-chr22-001_1.fastq.gz | head

sequence
name

quality

@HS2:192:C0JW3AC:5:1101:1231:2149 1:N:0:CGATGT
NGCGAAGTATATGGCACAATTGAGCAGTAAAAGTGTTAAAATATAG
+
#1=DDDFDDHFHHIJJJJGHIIHGICGFGIIIHCGIIIEHIJJFHGFA

ST
Q

>SequenceA
NGCGAAGTATATGGCACAATTGAGCAGTAAAAGTGTTAAAATATAG

FA
ST

A

wikipedia.org/wiki/FASTQ_format

!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJ
0........................26...31........41

betterworse



Sequence Data Is Available from SRA

8ncbi.nlm.nih.gov/sra



Assess Read Quality with FastQC

9bioinformatics.babraham.ac.uk/projects/fastqc/

$ zcat data/*_1.fastq.gz > reads.fastq
$ wc -l reads.fastq
$ fastqc reads.fastq
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Mapping Reads to a Genome
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COMPLICATIONSGOALS
Find match quickly

Find true match
Avoid missing a match

Large genome, many reads
Paralogs, pseudo-genes, repeats

Sequencing errors, polymorphisms

The Alignment Problem
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Map Reads to Genome with Bowtie

12Langmead, B, et al., 2009 Genome Biology; Langmead and Salzberg, 2012 Nature Methods

$ cd ~/genomes/human
$ wc hg19-chr22.fa
$ bowtie2-build hg19-chr22.fa hg19-chr22

$ cd ~/bodymap
$ bowtie ~/genomes/human/hg19-chr22 reads.fastq -S reads.sam

# reads processed: 2265661
# reads with at least one reported alignment: 1436115 (63.39%)
# reads that failed to align: 829546 (36.61%)
Reported 1436115 alignments to 1 output stream(s)



SAM Stores Alignments and Reads

13samtools.sourceforge.net/SAM1.pdf

$ wc -l reads.sam
$ less -S reads.sam

@HD     VN:1.0  SO:unsorted
@SQ     SN:chr22        LN:51304566
@PG     ID:Bowtie       VN:0.12.9       CL:"bowtie /home/workshop/genomes/human/hg19-chr22 re
ER.10/1  16 chr22 44414087 255 50M * 0 0 GCCTT... #####... XA:i:0  MD:Z:4G3A0A5T3A30   NM:i:5
ER.18/1  16 chr22 44567995 255 50M * 0 0 CATCA... A=AA@... XA:i:1  MD:Z:6T26G16        NM:i:2
ER.28/1  4  *     0        0   *   * 0 0 CAAGC... GGGGE... XM:i:0
ER.133/1 16 chr22 50657513 255 50M * 0 0 TCGCG... #####... XA:i:1  MD:Z:4T0G3G9A1T1G26 NM:i:6
ER.145/1 16 chr22 29182951 255 50M * 0 0 GCCGG... 55444... XA:i:0  MD:Z:3T0T45         NM:i:2
ER.185/1 4  *     0        0   *   * 0 0 GAGAA... #####... XM:i:0
ER.236/1 16 chr22 16123595 255 50M * 0 0 CTGGA... #####... XA:i:2  MD:Z:6C11A7C9T13    NM:i:4



SeqMonk

Cuffdiff

CummeRbund

DESeq

Annotations

RNA-SeQC

Cufflinks

HTSeq

Manipulating Sequence Alignments
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Manipulate SAM/BAM Files with SAMtools

15Li, et al., 2009 Bioinformatics

$ samtools

Program: samtools (Tools for alignments in the SAM format)
Version: 0.1.19-44428cd

Usage:   samtools <command> [options]

Command: view        SAM<->BAM conversion
         sort        sort alignment file
         mpileup     multi-way pileup
         depth       compute the depth
         faidx       index/extract FASTA
         tview       text alignment viewer
         index       index alignment



Determine Why Reads “Unmapped”
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$ samtools view -Sf 0x4 reads.sam | head
ER.28/1  4 * 0 0 * * 0 0 CAAGCACAAGATCCCCGTGAAGTACCTGGAGTTCATCTCGGAATGCATCA GGGGEFFFFC4,5.444
ER.185/1 4 * 0 0 * * 0 0 GAGAACATCCTGGACCTGAAGATAGAGGATTTCTTAGAGAGACGCCTGCA #################
ER.334/1 4 * 0 0 * * 0 0 NCAAGATCGCACCACTGCACTCCAGCCTGGCGACAGAGCGAGGCTCCGTT #++*+')++*77666FF
ER.373/1 4 * 0 0 * * 0 0 CCCACGCATCTCCCTGTGCTTGTGGACTGGTTTGGTGATCCACTGGGTGT HHHIHHHIHHHGFHHHH
ER.391/1 4 * 0 0 * * 0 0 ATTATTAGGGATCCAGAGGATCACTACAAAGTAGTAAAACTTTAATTCAT HHHHHAA@>@45555HH



Quickly Extract Sorted, Indexed BAMs
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$ samtools view -bS reads.sam > reads.bam
$ samtools sort reads.bam reads-sorted
$ samtools index reads-sorted.bam

$ samtools view reads-sorted.bam chr22:26,164,000-26,164,085

ER.26848640/1 16 chr22 26164062 255 50M * 0 0 TCGCCCCTCCAGAACGAGAGACCCCAGAAATTTCCATCAGCCA 
ER.40045895/1 16 chr22 26164078 255 50M * 0 0 AGAGATCCCAGAAATTTCCATCAGCCAACCCAACAGCAAGTCC
ER.8036632/1  16 chr22 26164081 255 50M * 0 0 GATCCCAGAAATTTCCATCAGCCAACCCAACAGCAAGTCCAGC
ER.16689872/1 16 chr22 26164081 255 50M * 0 0 GATCCCAGAAATTTCCATCAGCCAACCCAACAGCAAGTCCAGC
ER.40220564/1 16 chr22 26164081 255 50M * 0 0 GATCCCAGAAATTTCCATCAGCCAACCCAACAGCAAGTCCAGC
ER.42881111/1 16 chr22 26164081 255 50M * 0 0 GATCCCAGAAATTTCCATCAGCCAACCCAACAGCAAGTCCAGC
ER.51649994/1 16 chr22 26164081 255 50M * 0 0 GATCCCAGAAATTTCCATCAGCCAACCCAACAGCAAGTCCAGC
ER.56732719/1 16 chr22 26164081 255 50M * 0 0 GATCCCAGAAATTTCCATCAGCCAACCCAACAGCAAGTCCAGC



View Sorted, Indexed BAM Files
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$ samtools tview reads-sorted.bam ~/genomes/human/hg19-chr22.fa

 (.) toggle
 (n) color
 (r) reads

<SPACE>
<BACKSPACE>

(?)help
(q)uit
(g)o

chr22:26,164,000
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“High-Performance Genomics Data 
Visualization and Exploration”

20Robinson, et al., 2011 Nature Biotechnology

$ scp workshop@192.168.56.101:bodymap/reads-sorted.* .



# reads processed: 2265661
# reads with at least one reported alignment: 693092 (30.59%)
# reads that failed to align: 1517326 (66.97%)
# reads with alignments suppressed due to -m: 55243 (2.44%)
Reported 693092 alignments to 1 output stream(s)

Rinse, Revise, Repeat
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$ bowtie -v0 -m1 ~/genomes/human/hg19-chr22 reads.fastq -S reads2.sam
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Mapping Junction Reads
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The Junctions Read Problem
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Reads from a 
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Map Non-Junction and 
Junction Reads Using TopHat

24Trapnell, Pachter, and Salzberg, 2009 Bioinformatics; Kim, et al., 2013 Genome Biology

$ tophat -T --no-novel-juncs -G ~/genomes/human/hg19-chr22-iGenomes.gtf 
~/genomes/human/hg19-chr22 reads.fastq

[2013-07-02 13:25:43] Beginning TopHat run (v2.0.3)
-----------------------------------------------
[2013-07-02 13:25:43] Checking for Bowtie
    Bowtie version:  2.0.0.6
[2013-07-02 13:25:43] Checking for Samtools
  Samtools version:  0.1.19.0
[2013-07-02 13:25:43] Checking for Bowtie index files
[2013-07-02 13:25:43] Checking for reference FASTA file
[2013-07-02 13:25:43] Generating SAM header for /home/workshop/
genomes/human/hg19-chr22
 format:   fastq
 quality scale:  phred33 (default)
[2013-07-02 13:25:43] Reading known junctions from GTF file
[2013-07-02 13:25:43] Preparing reads
     [...]
-----------------------------------------------
[2013-07-02 13:34:20] Run complete: 00:08:37 elapsed



$ cd tophat_out
$ ls
$ samtools index accepted_hits.bam

View Junction Reads in IGV
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$ scp workshop@192.168.56.101:bodymap/tophat_out/accepted_hits.* .



A Three Part Tour
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Workshop Slides and More
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