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reference genome

* University of California Santa Cruz (UCSC) kR
Human hg38 2013%F12H
Mouse mm39 20205 1R

 Genome Reference Consortium (GRC) KR
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Sequence Read Archive (SRA)

raw sequence datan"BHFEIMNTWVWET—IXR—2X

E g | A Ascijp — byT 0POSSUM Human TFBS Clu ‘ = GSM3065677: RHC7971; Hc

= O @ (=] www.ncbi.nim.nih.gov,

& NCBI  Resources ¥ How To @

SRA SRA v

Advanced

Getting Started
How to Submit

Log in to SRA (for updating and troubleshooting submissions)

SRA

Sequence Read Archive (SRA) makes biological sequence data available to the research community to enhance reproducibility

and allow for new discoveries by comparing data sets. The SRA stores raw sequencing data and alignment information from
high-throughput sequencing platforms, including Roche 454 GS System®, lllumina Genome Analyzer®, Applied Biosystems
SOLID System®, Helicos Heliscope®, Complete Genomics®, and Pacific Biosciences SMRT®.

Tools and Software

Download SRA Toolkit

SRA Toolkit Documentation

Methods of measurement fi | E5] Tumor Mutational Burden:

= Home - SRA - NCBI 3 ' + v — X

Help

Related Resources
Submission Portal

Trace Archive

Log in to Submission Portal (for submitting sequence data SRA-BLAST dbGaP Home

SRA Documentation SRA Run Browser BioProject

Download Guide SRA Run Selector BioSample

SRA Fact Sheet (.pdf

You are here: NCBI = DNA & RNA = Sequence Read Archive (SRA) Support Center
GETTING STARTED RESOURCES POPULAR FEATURED NCBI INFORMATION

NCBI Education Chemicals & Bioassays PubMed Genetic Testing Registry About NCBI

NCBI Help Manual Data & Software Bookshelf GenBank Research at NCBI

NCBI Handbook DNA & RNA PubMed Central Reference Sequences NCBI News & Blog

H O zzicanLes
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https://www.ncbi.nlm.nih.gov/sra

www.icrweb.ip



NGST — ¥ fLIE D i 41

1. =42 RF—=9DI7F)F4F w7

2. 2R/ LBy ETT

3. BEMT



FASTQ7 # — < v h

« 1978 : @BC%ID

« 21TH : 1B EE7

- 3178 : +B2%ID EXEA

cATB 7 F )T 14— (=4 RIS5—NHEL HHER)

@Seq-1ID
AGGTGCATCGATGCGCGAATAAT

+
11°° %) )++//?”AAA{{



FASTQ7 7A4ILDI7 X)) T4 F 7

FastQC : ¥ — 4> RAFT—9DI7F ) FT4F v 7RTOT I AL
Java CENHL TV T, MacXWindows T E1T &E

Babraham )

Institute

FastQC

Language

Requirements

Code Maturity

Code Released

Initial Contact

/8 Babraham Bioinformatics

About | People | Services | Projects | Training | Publications

A quality control tool for high throughput sequence data.
Java

e : :

The Picard BAM/SAM Libraries (included in download)
Stable. Mature code, but feedback is appreciated.
Yes, under GPL v3 or later.

Simon Andrews

Download Now

@ FastQC
Eile Help
bad_sequence.txt | good_sequence_short.txt

Basic Statistics

©

)

iQm.. e LT o B

132 [HEBHEAE

T

Quality scores across all bases (Illumina >v1.3 encoding)

aE

@ Per sequence quality scores (g

26
Per base GC content

[t
3
@ Per base sequence content 28 =

—{L
L

¢y 4

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
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{ Fastac
File Help
| SRR6887933 fastqgz |

9
@
74
(%)
7
74
7}
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Basic sequence stats

Basic Statistics
Measure Value
Per base sequence quality  |Flename |SRR6887933 fasta gz
File type |Conventional base calls
Per sequence quality scores [Encoding |Sanger / lllumina 1.9
[Total Sequences |1220681
Per base sequence content [10tal Bases 191.5 Mbp
Sequences flagaed as poor quality 0
Per sequence GC content |Seauence length 75
46

%GO

Per base N content
Sequence Length Distribution
Seguence Duplication Levels
Overrepresented sequences

Adapter Content
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Per Base Sequence Quality

=R IF )T 4 ERT,
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@ FastQC - o X
File Help
SRR6887933 fastq.az

Basic Statistics /
Quality sceres across all bases (Sanger / llumina 1.9 encoding)

@ Per base sequence quality
@ Per base sequence content
@ Per sequence GG content |3
@ Per base N content
28
@ Sequence Length Distribution
26
Sequence Duplication Levels
Overrepresented sequences 24
@ Adapter Content
22
20
18
16
14
12
10/
g
[
4
2
0

12345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 3IB 40 42 44 4 4 50 52 54 5 58 60 62 64 66 68 0 72 04

Position in read (bp)
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Per Base Sequence Content

BIEENEEETRT,
B AR THEIIDHBALTWBEZENEST L,

R FastQC - o X
File Help
SRRG887933 fasta.gz

Basic Statistics
Sequence content across all bases

. 100
Per base sequence quality AT

Per sequence quality scores
Per base sequence content | g
Per sequence GC content
Per base N content
80

Sequence Length Distribution

Sequence Duplication Levels

COOOOCLOCO

Overrepresented sequences | 70
Adapter Content
60
50

D EBEE IR PR LSNS

123456788910 12 14 16 18 20 22 24 26 28 30 3J2 34 36 3IB 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 0 72 74
Position in read (bp)

www.icrweb.ip



Sequence Duplication Level

BEHELTWSERINDEIEZTRT.,
non-unique sequenced 20U ETEEHNH %,

R FastQC = a X
File Help
SRR6887933 fastq.gz
Basic Statistics
@ asio slatishie Percent of seas remaining if deduplicated 66.43%
100
@ Per base sequence quality % Total sequences
@ Per sequence quality scores
@ Per base N content
80
@ Sequence Length Distribution
| Sequence Duplication Levels
Owverrepresented sequences | 10
@ Adapter Content
60
50
40
30
20
10
0
1 2 3 4 5 [ 7 8 9 >10 >50 >100 >500 >k »5k 210k

Seguence Duplication Level
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BWA
https://bio-bwa.sourceforge.net/
Bowtie2
https://bowtie-bio.sourceforge.net/bowtie2/manual.shtml
HISAT2
https://daehwankimlab.github.io/hisat2/manual/
STAR
https://github.com/alexdobin/STAR/blob/master/doc/STARmanual.pdf
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hisat2
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hisat?2

G Google

«

g Com "‘ INPUTATIONAL BIOLOGY
(

CB

HISAT2 is a fast and sensitive alignment program for mapping next-generation sequencing reads (both DNA and RNA) to a population of human genomes (as well as to 2 single reference genome). Based on an extension of BWT for graphs [Sirén et al. 2014], we designed and Implemented 3 graph FM index (GFM), an original approach and its first
implementation to the bast of our knowledge. In addition to using one global GFM index that represents a population of human genomes, HISAT2 uses 3 large set of small GFM indexes that collectively cover the whole genome (each index representing a genomic ragion of 56 Kbp, with 55,000 indexes needed to cover the human population). These small .

indexes (called local indexes), combined with several alignment strategies, enable rapid and accurate alignment of sequencing reads. This new indexing scheme is calied a Hierarchical Graph FM index (HGFM),

HISAT2 2.1.0 release 6/8/2017

not just a few genes, but 3 whole human genome. Please refer to the HISAT

o This major version includes the first releasa of HISAT-genotype, which currently performs HLA typing, DNA fingerprinting analysis, and CYP typing on whole genome sequencing (WGS) reads, We plan to extend the system so that it can anah

genotype website for more details
o HISAT2 can be directly compiled and executed on Windows system using Visual Studio, thanks to Nigel Dyer
o Implemented --new-summary option to output a new style of alignment summary, which is easier to parse for programming purpe

Implemented --summary-file option to output alignment summary to a file in addition to the terminal (e.g. stderr)
* Fixed discrepancy in HISAT2's alignment summary.

o Implemented --no-templatelen-adjustment option to disable automatic template length adjustment for RNA-seq reads.

HISAT2 2.0.5 release 11/412016

2 minor release with the following change:
permanent redirect to HTTPS, which means the previous versions of HISAT2 no longer works with

o Due to a policy change (HTTP to HTTPS) In using SRA data (" --sra-option" ), users are strongly encouraged to use this version. As of 11/9/2016, NCBI will begin a-acc” option soon.
o Ir gths. The options are valid only when used with --no-spliced-alignment, which is used for the alignment of DNA-seq reads.

Fixed some ca:

plemented -1 and -X options for specifying minimum and maximum fragment

ses where reads with SNPs on their S ends were not properly aligned.

o mplemented ~-no-softciip option to disable soft-clipping

00 the manual for details).

plemented --max-seeds to spacify the maximum number of seads that HISAT2 will try to extend to full-length afignments

HISAT, StringTie and Ballgown protocol published at Nature Protocols 8/11/2016

HISAT2 2.0.4 Windows binary available here, thanks to Andre Osorio Falcao 52412016

HISAT2 2.0.4 release 5/18/2016

Version 2.0.4 is a minor release with the following changes.

o Improved template length estimation (the 9th column of the SAM format) of RNA-seq reads by taking introns into account
> Introduced two option rence names or add “che” to reference
o Changed the maximum of mapping quality (the 5th column of the SAM format) from 255 to 60. Note that 255 is an undefined value according to the SAM manual and some programs would not work with this value (255) properly.
* Fixed NH (number of hits) in the alignment output

o HISAT2 allaws indels of any length pertaining to minimum alignment score (previously, the maximum length of indels was 3 bp)

s be

add-chrname, to remove “chr* from

emove-chrame a mes in th alignment output, respectively (the 3rd column of the SAM format)

Fixed several cases that alignment g d reference sequences.

o Fixed reporting duplicate alignments,

HISAT2 2.0.3-beta release 3/28/2016

th the f

s 2 minor n

g changes.

o Fixed graph index building when using both SNPs and transcripts. As a result, genoma_snp_tran indexes here on the HISAT2 wabsite have bean rebuilt

o Included some missing files needed to follow the small test example (see the manual for detalls)

HISAT2 2.0.2-beta release 3/17/2016

Note (3/19/2016): this version is slightly updated to hand th the correct chrom

eporting spli

Version 2.0.2-beta is a major release with the following changes.
o Memory mappaped 10 (--mm option) works now,
o Building linear index can be now done using multi-threads.

» Changed the minimum score for alignment in keeping with read lengths, so it's now ~-score-min L,0.0,-0.2, meaning a minimum score of -20 for 100-bp reads and -30 for 150-bp reads.
o Fixed a bug that the same read was written into a file multiple times when --un-conc was used

o Fixed another bug that caused reads to map beyond reference sequences.

o Introduced —haplotype option in the hisat2-build (index building), which is used with —-snp option together to incorporate those SNP combinations present in the human population. This option also prevents graph construction from exploding due to exponential combinations of SNPs in small genomic regions.
+_snps_haplotypes_VCF.py

o Provided a new python script to extract SNPs and haplotypes from VCF files, hisat2_extr
© Changed several python script names as follows

1, exts

2. extract_exons.py to act._exons.py

3. extract_snps.py to hisat2. :_haplotypes_UCSC.py

tenance release with the following changes.

o Fixed a bua that caused reads to map bevond reference seauences,

hisat2. ~ | @ l5-cvi90703 (1).doc A

https://ccb.jhu.edu/software/hisat2/

0Sl certifie

She Map
Home
Manual

FAQ

Nows and Updatos
New releases and related tools will be
announced through the Bowtie mailing
list

Getting Help
Please use hisat2.genomics@gmail.com for
private communications anly. Pleasa do not
emall technical questions to HISAT2
contributors directly.

Releases

version 2.1.0 6/8/2017
Source code
Linux x86_64 binary

Mac OS X xB6_64 binary

Window

Please cite
Kim D, Langmead 8 and Salzberg SL
HISAT: & fast spliced aligner with low
memory requirements. Nature Methods
2015

Indexes (see note)

M. sapiens, GRCh38

genome 2068
genome._snp w6c8
genome_tran s1c8
genome_snp_tran wcca
H. sapiens, UCSC hg38

genome s1c8

H. sapiens, UCSC hg38 and Refseq gene
annotations referred to in the Nature
Protocol paper

genome_tran s2c8

H. sapiens, GRCh37

genome 39ce
genome_snp 438
genome_trar 4068
genome_snp_tran ascn
H. sapiens, UCSC hq19
genome 3.9G8
M. musculus, GRCm38
3768
socs
37c8
wocs
nome 3368
R. norvegicus, UCSC mé
genome 3768
D. melanogaster, BDGPS
Tr

index.shtmd

q =~

www.icrweb.jp


https://ccb.jhu.edu/software/hisat2/index.shtml

Integrative Genomics Viewer (IGV)

vy ET T ENET M

Integrative
Genomics
Viewer

# Home

& Downioads

6 Documents
Hosted Ganomes
FAQ

96V User Guide
@ Formats
@ Reloase Notay

Broad Home
Canes1 Program

REROAR

© 2013 Broad Insttuta

0 EERE @HE s

' hitps://www.broadinstitute.org/igv/

Integrative
Genomics
Viewer

What's New.

MW September 2014, The |GV (Pad app can now be
=i natsied rom the Apghe A Stoe. JGV for iPad
g

B 29t genome cata viewer tht
provides same af e furc ionalily avalable n our
&V for ation

high-pedom:
R ecive exploston o ge regrted
genomi datasets. 1t supporls 8 wis vansty of

data types. including armay-based ang next-gensraton
sequence 6ata, and annotat
Downloads.

Ploase tgstar fo dowrioad GV Aferrgistenng,
u you can log i 2 any fime wing your email
Sddress. Pemesasnto use IGV s granted urver
Ml (he GNU LGEL icanse.

o[ t81tY — L

Citing IGV

To cite your use of IGV in your pubication
james T_Robinson. Helga Thorvaldsadatic Weedy Winckier
Mitchell Guttman. Enc S Landr, Gad Getz. Jill P Mesioy
|l::!ﬂ'wg!‘(-v\€"!"9! Viewss. Nature Biotechnology 29
24-26G011)

Helga Thorvaldscett James T Robinson, Jil P
Mesirov, ? i

Integrative Genomics Viewse (IGVK high.
pedomance genomics data visualization and
Sxplodation; fnshngs & eriomnanes 4. {15162 001

Funding
Dvslopment o GV is made positie by funding from the

Mational Cancse Ins$tuts. the National Inabtute.sf General
blsical Stences of the Natianal Instilites of Health, =nd
he Slart Cancer Consorium

16V paticipates in the GacoeneSgace intiative, ahich is
funded by the National Fiuman Genome Ressarch nstitule

(K uenonesPace

http://www.broadinstitute.org/igv/
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Whole Exome Sequencing (WES)
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Whole Exome Sequencing (WES)
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https://www.pathologyoutlines.com/topic/lungtumormicropapillary.html



Whole Exome Sequencing (WES)
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laser microdissection
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Whole Exome Sequencing (WES)

Total Reads Overall Mapping Coverage
(100bp paired end) Rate

58,037,525 98.13% 193x
IR IR BRI R 62,830,751 97.69% 207 X
NIRRT B 64,318,300 97.47% 210X

C = mapped read counts X 2 X 100 / (3,000,000,000 X 0.02)

26
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Whole Exome Sequencing (WES)
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Whole Exome Sequencing (WES)

hi-confident somatic mutations

MRl FERUNFLERIR B SE AR B
SMR : MUNFLERRIBFEIE I B

=

Somatic
Mutations
p<0.05

JENFLEEIRIE SR B i Y 13,652

N FLEE AR S T A T 21,925

p<0.0001
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