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Spliced read mapping & Visualisation

1. What is a spliced aligner?

2. Reference genome & transcriptome files formats
3. STAR principle and usage

4. BAM & Bed files formats

5. Visualisation with IGV



Aim -
Spliced read mapping & Visualisation

Aim: Discover the true location (origin) of each read on
the reference.

Problems:

e Some features (repetitive regions, assembly errors,
missing information) make it impossible for some
reads.

e Reads may be split by potentially thousands of bases
of intronic sequence.

I
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And: _ N

Do it in/with reasonable time/resources.

Mapping



Splice sites

— Canonical splice site:
— which accounts for more than 99% of splicing
— GT and AG for donor and acceptor sites

4 3 2 1
| o
5 NGO GU | [ A lpy-py-py[_ ACTHCOn 3
W——— § n t r o n —

http://en.wikipedia.org/wiki/RNA_splicing

— Non-canonical site:
— GC-AG splice site pairs, AT-AC pairs

Nucleic Acids Res. 2000 Nov 1,28(21).4364-75.

—_— TranS'SpI |C| ng - Analysis of canonical and non-canonical splice sites in mammalian genomes.
" BursetM, SeledtsovIA, Solovvev WV,

splicing that joins two exons that are not within the
same RNA transcript

Mapping


http://en.wikipedia.org/wiki/RNA_splicing

Hard case

— Lot of variations (sequencing errors, mutations)

— Repeats
— Reads spanning 3+ exons
— Gene or pseudogene

el

— Small end “anchor”

e2

Read
mapped

e3

el

ez

e3

Kim et al, Genome Biology, 2013

Incorrect mapping (non-gapped alignment)

el

— Unknown junction inside poorly rarely expressed

gene

Processed pseudogene

GTXX

Mapping



Most used tools

Tools for s o lice-m app in o} ORIGINAL PAPER  “iiiiisssmioelry
Sequence analysis

TopHat: discovering splice junctions with RNA-Seq
Cole Trapnel'-*, Lior Pachter® and Steven L. Sakzberg’

. Genome Biol. 2013 Apr 25;14(4):R36. doi: 10.1186/gb-2013-14-4-r36.
I e I8 | Ia:t TopHat2: accurate alignment of transcriptomes in the presence of
H I SAT insertions, deletions and gene fusions.
kim D, Pertea 6, Trapnell HISAT': a fast spliced aligner with low

memory requireme nts

Daehwan KimB, Ben Langmead B & Steven L Salzberg B

Nature Methods 12, 357-360(20015)  Download Citation 4

STAR: ultrafast universal RNA-seq aligner
Alexander Dobin", Carrie A. Davis', Felix Schlesinger', Jorg Drenkow', Chris Zaleski', Sonali
Jha', Philippe Batut', Mark Chaisson” and Thomas R. Gingeras'

n
. ; I A R 'cold Spring Harbor Laboratory. Cold Spring Harbor. NY, USA.
n

*Pacific Biosciences, Menlo Park. California. USA.

Associate Editor: Dr. Inanc Birol

Mapping


http://ccb.jhu.edu/software/hisat/index.shtml

Benchmarks

NATURE METHODS | ANALYSIS o2 gy

Simulation-based comprehensive benchmarking of
RNA-seq aligners

Giacomo Baruzzo, Katharina E Hayer, Eun Ji Kim, Barbara Di Camillo, Garret A

Runtime

FitzGerald & Gregory R Grant i m T2 T3

Affiliations | Contributions | Correspc 7

2,000

‘ |
Nature Methods 14, 135-139 (2017) | ¢ i) :
i d :
Received 18 April 2016 | Accepted 15} I i I
| Corrected online 22 December 2016 I B—— i.' N ..i,li N " .-ﬁ-.
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Tuning parameters

100

o
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& Measurement
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..E  Aligned ambiguously
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on the human-T3-data base-level statistics.

« Therefore, an algorithm that is robust to parameter settings and exhibits good performance
using defaults is desirable »

« most reliable general-purpose aligners appear to be CLC, Novoalign, GSNAP, and STAR. »
8 Mapping



rnaSTAR

OXFORD
JOURNALS mr%mm

Bioinformatics. 2013 Jan; 29(1): 15-21. PMCID: PMC3530905
Published online 2012 Oct 25. doi: 10.1093/bicinformatics/bts635

STAR: ultrafast universal RNA-seq aligner

Alexander Dobin, 1" Carrie A. Davis,! Felix Schlesinger,1 Jorg Drenkow,! Chris Zaleski,l Sonali Jha,1 Philippe Batut,!
Mark Chaisson,2 and Thomas R. Gingeras!

* Spliced Transcripts Alignment to a Reference
* Outperforms other aligners by more than a factor of 50
IN mapping speed

Mapping



* search for a MMP from the 1st base

rnaSTAR strategy

* MMP search repeated for the unmapped portion next to the junction

* do it in both fwd and rev directions

10

cluster seeds from the mates
of paired-end RNA-seq reads

Soft-clipping Is the
main difference
between Tophat and
STAR

Map
MMP 1

Map again
MMP 2

(a)

RNA-seq read

exons in the genome

(b) ()

Map Map
MMP1  Extend MMP1  Trim
mismatches A-tail, or adapter,

or poor quality tail

Dobin et al, Bioinformatics, 2011
Mapping



STAR : two passes strategy

ﬁ 1. INDEX Index the Genome with Gene Annotation
Annotated Splice Junctions <GTF>
Genome
<FASTA>
—
RNA-seq reads
<FASTQ>

r‘
2. DISCOVER Align RNA-seq reads to
ﬁ : :: the Indexed Genome

Discover Novel Splice Junctions with High
Stringency (21 read spanning by 2 12nt)

3. INDEX Index the Genome with
Discovered and Expressed
Splice Junctions

4. QUANTIFY Align RNA-seq reads to

the SJ-Indexed Genome

« Improved ability to align
reads by short spanning

Quantify Splice Junctions with Lower
Stringency (# reads spanning by 2 3nt)

* lengths is sufficient to explain
— . the quantification benefit of
[Spllce Junction Expressnon] two_pass allg n ment .

Veeneman et al, Bioinformatics, 2016
Mapping
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STAR indexing

module load bioinfo/starXXX
STAR --runMode genomeGenerate --genomeDir
genome_dir --genomeFastaFiles genome.fasta

To use N CPUs, add: - -runThreadN N
With an annotation: - -sjdbGTFfile annot.gtf

Some precomputed indices are already available:
http://labshare.cshl.edu/shares/gingeraslab/www-data

/dobin/STAR/STARgenomes
or on your preferred platform: /bank/STARdDb

Mapping


http://labshare.cshl.edu/shares/gingeraslab/www-data/dobin/STAR/STARgenomes
http://labshare.cshl.edu/shares/gingeraslab/www-data/dobin/STAR/STARgenomes
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Where to find a reference genome?

Retrieving the genome file (fasta):

—The Genome Reference Consortium

http://www.ncbi.nlm.nih.gov/projects/genome/assembly/grc/

—NCBI chromosome naming with « | » not well supported by
mapping software

— Prefer EMBL
http://www.ensembl.org/info/data/ftp/index.html

Mapping


http://www.ncbi.nlm.nih.gov/projects/genome/assembly/grc/
http://www.ensembl.org/info/data/ftp/index.html

Reference transcriptome file

What is a GTF file ?

* An annotation file: loci of coding genes (transcripts, CDS, UTRS), non-coding
genes, etc.

* Gene Transfer Format (derived from GFF)

chr source feature start end score strand frame [attributes]

1 ENSEMBL exon 1000 2000 . + . gene_id "ENSGO01l"; transcript_id “ENST01.1”; gene name "ABC";
1 ENSEMBL exon 3000 4000 . + . gene_id "ENSGO01l"; transcript_id “ENST01.1”; gene name "ABC";
1 ENSEMBL exon 1000 4000 . + . gene_id "ENSGO01l"; transcript_id “ENST01.2”; gene name "ABC";
1 ENSEMBL exon 5000 6000 . + gene_id "ENSGO02"; transcript id “ENST02.1”; gene name "DEF";

ENSTO1.1 | — Ty |

ENSTO01.2 | |
ENSGO1, ABC

| ENSGO02, ENST02.1, DEF

- gene_id value : unique identifier for the gene.
- transcript_id value : unique identifier for the transcript.

The chromosome names MUST be the same in the gtf file and fasta
files (e.g. chrl vs Chrl vs 1).

14 http://genome.ucsc.edu/FAQ/FAQformat.html#format4 Mapping



http://genome.ucsc.edu/FAQ/FAQformat.html#format4
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@ Hands-on : STAR

EXxercise n°3

Create a directory for the genome and annotation files.

Get the FASTA and GTF files from:
http://genoweb.toulouse.inra.fr/~formation/19 Rnaseq_Cli

/data/reference/

Create the STAR index.
Tip: you can allocate N CPUs with the sbatch -c¢ 8

Mapping
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STAR alighment

module load bioinfo/starXXX

STAR --genomeDir genome dir

-readFilesIn readl.fastg.gz read2.fastg.gz
-readFilesCommand zcat

-s7JdbGTFfile transcriptome.gtf

-alignIntronMin 20 --alignIntronMax 500000
-outSAMtype BAM SortedByCoordinate - SOrt
-outSAMstrandField intronMotif - for cufflinks
-alignSoftClipAtReferenceEnds No - for cufflinks
-outSAMattrIHstart 0 - for cufflinks or StringTie
-outFilterType BySJout - filter by splice site
-outFilterIntronMotifs RemoveNoncanonical - filter
-quantMode TranscriptomeSAM GeneCounts - for RSEM
- -outSAMattributes All - more information
-outFileNamePrefix sampleName

-runThreadN 4

Mapping
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STAR options

Intron size
--alignIntronMin 20
--alignIntronMax 500000

Allow soft-clipping past the end of chr (for cufflinks No)
--alignSoftClipAtReferenceEnds No [default Yes]

Output format:
- -outSAMtype BAM SortedByCoordinate [SAM]

Output SAM/BAM alignments to transcriptome into a separate file (for
RSEM)

- -quantMode TranscriptomeSAM

- need : - -sjdbGTFfile annot.gtf
Output read unmapped
- -outReadsUnmapped Fastx

Mapping
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STAR options

Add more tags:
--outSAMattributes All

Default output file name: Aligned.bam Modify prefix:
--outFileNamePrefix prefix

Infer strand using intron motifs (for Cufflinks)
- -outSAMstrandField intronMotif [None]

StartIH at - -outSAMattrIHstart 0 [1] (for Cufflinks)

Mapping
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STAR options

Remove reads that did not pass the junction filter:
--outFilterType BySJOut [Normal]

Filter out alignments with non-canonical intron motifs
--outFilterIntronMotifs RemoveNoncanonical

Mismatches :
--outFilterMismatchNmax [default: 10]

Limit multimap outputed:
--outFilterMultimapNmax [Default: 10]
> Flag of secondary alignment 0x100

Too short alignemnt
--outFilterMatchNminOverLread 0.66
--outFilterScoreMinOverLread 0.66

Mapping
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STAR - two passes mode

 First pass: discover new junctions.

e Second pass: run again with knowing the new junctions.
(most useful for poorly annotated genomes.)

- -twopassMode [None|Basic]

Defines the number of reads to be mapped in the 1st pass
- -twopasslreadsN [-1]

Mapping
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- STAR Output files

_

Outputs (w/o specific options except BAM SortedByCoordinate):

* Aligned.sortedByCoord.out .bam: list of read alignments in SAM
format compressed

* Log.out: main log file with a lot of detailed information about the run (for
troubleshooting)

* Log.progress.out: reports job progress statistics

* Log.final.out: summary mapping statistics after mapping job is
complete, very useful for quality control.

* SJ.out. tab: contains high confidence collapsed splice junctions in tab-
delimited format

(chr, intron start, end, strand, intron motif, in database, # uniquely mapping
reads, # multi, max. overhang)

Mapping



A STAR technical issues

* Temporary disk space:
— Indexing the mouse genome requires 128GB and 1
hour on 6 slots.
— Mapping a 16M paired-end reads requires 110GB
and 4 mins on 6 slots.

* Available cluster:
— New : 48 nodes with 32 cores and 256 GB of ram
per node
— Old : 68 nodes with 20 cores and 256 GB of ram per
node

22 Mapping
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@ Hands-on : STAR

Exercise n°3
Map the 2 FASTQ files.

Do not forget to provide a different output file hame for
each set.

Index the output BAM files with:

samtools 1ndex file.bam

- Then BAM format presentation.

Mapping



Sequence Alignment/Map format:

* Each line stores an alignment/map

SAM | BAM formats

Coor 12345678901234 5678901234567890123456789012345

ref AGCATGTTAGATAA* *GATAGCTGTGCTAGTAGGCAGTCAGCGCCAT

+r001/1 TTAGATAAAGGATA*CTG

+r002 aaaAGATAA*GGATA

+r003 gcctaAGCTAA

+r004 ATAGCT. ..o e eeeeeenns TCAGC

-r003 ttagctTAGGC

-r001/2 CAGCGGCAT

name flag chr start mapQ cigar nNext sNext tlen seq qual tags

r001 99 ref 7 30 8M2I4M1D3M = 37 39 TTAGATAAAGGATACTG *

r002 0 ref 9 30 3s6M1P1I4M * 0 0 AAAAGATAAGGATA

r003 0 ref 9 30 586M * 0 0 GCCTAAGCTAA * SA:Z:ref,29,-,6H5M,17,0;
r004 0 ref 16 30 6M14N5M * 0 0 ATAGCTTCAGC *

r003 2064 ref 29 17 6H5M * 0 0 TAGGC * SA:Z:ref,9,+,586M,30,1;
r001 147 ref 37 30 IM = 7 -39 CAGCGGCAT * NM:i:1

* Header stores genome information

@HD VN:1.5 SO:coordinate
@SQ SN:ref LN:45

24

Mapping



Coor

ref

12345678901234

5678901234567890123456789012345

AGCATGTTAGATAA**GATAGCTGTGCTAGTAGGCAGTCAGCGCCAT

+r001/1

+r002
+r003
+r004
-r003

-r001/2

name flag

r001
r002
r003
r004
r003
r001

25

99

0

0

0
2064
147

TTAGATAAAGGATA*CTG
aaaAGATAA*GGATA

gcctaAGCTAA

ATAGCT. .. ..o ven..
ttagctTAGGC

chr start mapQ cigar

ref
ref
ref
ref
ref
ref

7
9
9
16
29
37

30 8M2TI4M1D3M

30 356M1P1T4M
30 556M
30 6M14N5M
17 6H5M
30 9M

nNext sNext tlen

* % * * |l

37
0

0
0
0
7

39
0

0

0

0
-39

CAGCGGCAT

Fields

seq qual tags

TTAGATAAAGGATACTG *
AAAAGATAAGGATA *
GCCTAAGCTAA *
ATAGCTTCAGC *
TAGGC *
CAGCGGCAT *

SA:Z:ref,29,-,6H5M,17,0;

SA:Z:ref,9,+,586M,30,1;
NM:1:1

Flags: https://broadinstitute.github.io/picard/explain-flags.html
MapQ: similar to a phred score
NNext: = means same chr

In general, * means NA

Mapping


https://broadinstitute.github.io/picard/explain-flags.html

CIGAR

Coor 12345678901234 5678901234567890123456789012345

ref AGCATGTTAGATAA**GATAGCTGTGCTAGTAGGCAGTCAGCGCCAT

+r001/1 TTAGATAAAGGATA*CTG

+r002 aaaAGATAA*GGATA

+r003 gcctaAGCTAA

+r004 ATAGCT . i ittt e e TCAGC

-r003 ttagctTAGGC

-r001/2 CAGCGGCAT

name flag chr start mapQ cigar nNext sNext tlen seq qual tags

ro01l 99 ref 7 30 8M2I4M1D3M = 37 39 TTAGATAAAGGATACTG *

r002 0 ref 9 30 3S6M1P1I4M * 0 0 AAAAGATAAGGATA *

r003 0 ref 9 30 586M * 0 0 GCCTAAGCTAA * SA:%:ref,29,-,6H5M,17,0;
r004 0 ref 16 30 6M14N5M * 0 0 ATAGCTTCAGC *

r003 2064 ref 29 17 6H5M * 0 0 TAGGC * SA:Z:ref,9,+,556M,30,1;
r001 147 ref 37 30 OM = 7 -39 CAGCGGCAT * NM:1i:1

e 30M means 30 matches or mismatches
e Tand D: insertion/deletion
* S and H: soft/hard clipping

26 Mapping



Tags

Coor 12345678901234 5678901234567890123456789012345

ref AGCATGTTAGATAA* *GATAGCTGTGCTAGTAGGCAGTCAGCGCCAT
+r001/1 TTAGATAAAGGATA*CTG
+r002 aaaAGATAA*GGATA
+r003 gcctaAGCTAA
+r004 ATAGCT. .. ... TCAGC
-r003 ttagctTAGGC
-r001/2 CAGCGGCAT
name flag chr start mapQ cigar nNext sNext tlen seq qual tags
r001 99 ref 7 30 8M2I4M1D3M = 37 39 TTAGATAAAGGATACTG *
r002 0 ref 9 30 3s6M1pl1I14M * 0 0 AAAAGATAAGGATA *
r003 0 ref 9 30 556M * 0 0 GCCTAAGCTAA * SA:Z:ref,29,-,6H5M,17,0;
r004 0 ref 16 30 6M14N5M * 0 0 ATAGCTTCAGC *
r003 2064 ref 29 17 6H5M * 0 0 TAGGC * SA:Z:ref,9,+,5S6M,30,1;
r001 147 ref 37 30 oM = 7 -39 CAGCGGCAT * NM:i:1
e Format: 2-letter name:format.value (many different)
e NM: # mismatches
e SA: chimeric reads
e NH, HI: # hits for this sequence, hit index
e AS: alignment score
»7 ® nM: # mismatches per fragment Mapping
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SAM | BAM

BAM (Binary Alignment/Map) format:

Compressed binary representation of SAM
Greatly reduces storage space requirements to
about 27% of original SAM

samtools: reading, writing, and manipulating BAM
files

Most tools require a sorted and indexed BAM file.

To be viewed a bam file must be indexed :
samtools 1ndex

Mapping



samtools

Program: samtools (Tools for alignments in the SAM format)
ersion: 1.8 (using htslib 1.8)

sage: samtools <command> [options]

ommands :
-- Indexing
dict create a sequence dictionary file
faidx index/extract FASTA

B E LR o il Ll module load bioinfo/samtools-1.8

Editing

calmd recalculate MD/NM tags and '=' bases

fixmate fix mate information Bam — Sam

reheader replace BAM header samtools view in.bam
targetcut cut fosmid regions (for fosmid pool only)

addreplacerg adds or replaces RG tags Sam — bam

kd k duplicat : :
markdup mark duplicates samtools view in.sam > out.bam

File operations
collate shuffle and group alignments by name
cat concatenate BAMs Sort

ted ali t .
merge nerge sorted a.ignments samtools sort -o out.bam in.bam

Index
samtools sort in.bam

Global options nb threads:
-@ 4

29 Mapping



Visualizing alighments on IGV

Integrative
Genomics
Viewer

http://www.broadinstitute.org/igv/home

Integrative genomics viewer

James T Robinson, Helga Thorvaldsdéttir, Wendy Winckler, Mitchell Guttman, Eric S Lander, Gad
Getz & Jill P Mesirov

Affiliations | Corresponding authors

Nafure Biotechnology 29, 24-26 (2011) | doi:10.1038/nbt. 1754
Published online 10 January 2011

30 Mapping
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Visualizing alignments on IGV

File Formats

H ig h - pe rfo rm an Ce VISU aI Izatl On tOOI : File Extension Identifies Format

BEecommended File Formats

Interactive exploration of large, =
Integrated datasets : Gy
Supports a wide variety of data =
types L
Documentations : Biciute s
Developed at the Broad Institute of =
MIT and Harvard e

Mapping
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Visualizing alignments on IGV

IGV
File Genomes View Tracks Regions Tools GenomeSpace Help
Human hgls w [ |All - Go T % oL =]
1 3 5 7 9 11 13 15 17 19 21 X

2 4 6 8 10 1z 14 16 18 20 22 Y
| | | | | | | | | | | | | | | | | I I I | | =
RefSeq genes “ L | ' " I I I ' I =

mmﬂ.‘—“hmu—g ™ _M.l.ﬂhl—-.ul.l ——b ek Ld LLHII.J.IML.... | -A.L_ﬁ.lll..
[l I [lLosM of 324m

Mapping
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IGV : Load reference genome

EiL Genumes|!iew Tracks Regior

s Tools GenomeSpace Help

Load Genome from File...
1

Load Genome From Server...

-

Go T

[LO=d a FASTA or .genome file...

@

A =

Create .genome File...

Manage Genome List...

= 11 13 15 17 19 21 x
Load Genome 12 14 16 18 20 22
| | | | | | | | I I |

| »

Rechercher dans : ]/ - 3| 3] |Be| 5=
I bin I libea 3 sbin [ initrd.img

CJboot Cilost+found [selinux [ initrd.img.old

] cdrom ] media Cdsrv [} vmlinuz

] dev 3 mnt 1sYys [ vmlinuz.old

] etc 1 proc Cltmp

CJhome CJroot CJusr

Jlib CJ run Jwvar

Nom du fichier :

Fichiers de type :

Tous les fichiers

Ouvrir

Annuler

Select a fasta file, the
index .fai must exists in
the same directory

[» e

Refs=q genes Lu..x | IPVATIPTRPTE PR ST 7Y WIUTTY W U UOF TOVS oY IVW IR T Ien S PY P IR | RPPT W AR

| K

4|

|[152M of 324M

Mapping
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IGV : Load annotation

Eile|Gen0mes View Tracks Regiclns Thols GenomeSpace Help

Load from File...
Load from URI

w ||chrl

¥ | |chr1:118,326,652-128,923,067 Gol £ « @ [ =

Load tra

cks or sample infprmatipn

=R

Load from DAS...

|
T -:t-—:mhzmm
p3d3 p33 p32l p31.1 plLYr p21.? pl13.2 qll ql* q*l1 q231 q24.2 q25.3 q3l.3 q322 g4l q42.2 044

p36.23 p3b.iz

New Session...
Open Session...
Save Session...

-

Go to position or gene (enter gene name)

Save Image ...

10m

-

30 mb 92 mb 94 mb 96 mb
| | | | | |

98 mb

Exit

Load GTF or GFF, to get annotation track

[ K

RefSeq genes

e ol LR Rl TR . UL g LBV o UL N S L

A, R L.

I | KN

4

2 tracks loaded

|[chr1:88 839 520

|[LosM of 450M

Mapping
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Eile|Gen0mes View Tracks Regiclns Tools GenomeSpace Help

IGV : Load alighment

Rechercher dans : ] CORRECTION

[ bam.intervals

D empty vcf

D empty vcf.idx

[y ERR0O00017.bam

[y ERR0O00017 bam.bai

[y ERROO0017 fastq

[y ERRO00017 5ai

[y ERRO00017.5am

[y ERR0O00017 rmdup.bam

[y ERR000017_rmdup.bam.bai

[y ERR000017 rmdup_realign.bai
[y ERR000017 rmdup_realign.bam

[ ERRO00017_rmdup_realign_read

[y ERROD3037.bam

[y ERROD3037 bam.bai
Tasiqg

[y ERRO03037 . sai

[y ERRO03037.sam

[y ERR0O03037_rmdup.bam

[y ERR0O03037_rmdup.bam.bai

[y ERR0O03037_rmdup_realign.bai

[y ERR0O03037_rmdup_realign.bar

[y ERR0O03037_rmdup_realign_reg

4] Il [

[ »

Nom de fichier :

|"ERF{DDDDIT.bam" "ERRO03037 bam” |

Fichiers du type : |Tuus les fichiers

|v|

| Ok H Annulaer |

o-o-
MEEIEENSE S

Select a bam fi
index .bai mus
the same directc

€
it

RefSeq genes

e ol U Bt

oacki I ALY I RN (A [ | R W

A, R L.

4

2 tracks loaded

|[chr1:88 839 520

|[LosM of 450M

Load from File... ~||chr1 w||chr1:118,326,652-128,923.067 | Go TEF <« @ [ = =R ARy
Load from URI
Load tracks or sample infprmation | -

Load from DAS munm— |

oad from p3623 p36127 p3d3  p33  p3rd p3ll plIT pi.} p132  qil qi? qf11 qt30 qXd2 q?53 q313 q32F qd q42.2 qdd
New Session...
Open Session...
=p : - 10 mb -
Save Session...

90 mb 92 mb 94 mb 96 mb 98 mb

Save Image ... | | | | | | | —
Exit =

. the
exists in

ry
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IGV : Load alighment

Eile Genomes View Tracks Regions Tools GenomeSpace Help
NC_012125.1.fasta ~||NC_ 012125.1 |+ ||NC_D12125.1 Go Fr =« @ [ = 2 =l IR NN
w oy [ 4822 kb &
=
w E 1 kb 1000 kb 2000 kb 3 000 kb 4000 kb
EN | | | | | | —
Zod 1
i
[0 - 63] -
ERRO0O0017.bam Coverage |
ERRO00017.bam Zoorm into see alignments.
053]
ERRO03037.bam Coverage |
ERRO002037.bam Zoom into see alignments.
|
o 200
SRRO07327.bam Coverage |
SRRO07327.bam Zoom in to see alignments.
|
-
|

7 tracks loaded

|[nc_012125.1:26 089

|[200M of 435M

36
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File Genomes View Tracks Regions Tools GenomeSpace Help

IGV : Load alignment

NC_012125.1.fasta w | |NC_012125.1 w |[|[MC_012125.1:2,401,447-2,425,447 | Go - FEEEETTTgErrr e+
i i _ g
ES
11 |
[ 24 kb .
NEE 2z 402 kb 2 404 kb 2 406 kb 2 408 kb 2 410 kb 2412 kb 2 414 kb 2 416 kb 2 118 kb 2 420 kb 2422 kb 2 424 kb 2426 k
TEq | | | | | | | | | | | | | | | | | | | | | | | [
zZo é
[0 - 58] e
ERROOOOL7.bam Coverage I3
Il:ll“llnlll ‘I |.|||I|| “ fulid o ||I|;.]|.||.l bbb it bl o sl .lhlll ||||| Ill I|||.|| |I||||| ikl “||. i I I|I|I||||J| Sl bl | =
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Find library orientation

Color alignment by > first-of-pair strand
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