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Introduction to Next Generation Sequencing data
analysis with Galaxy
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Curriculum Vitae

Speaker Name: Hong-Gil Dong, Ph.D.

» Personal Info

Name Dongsung Lee
Title Assistant Professor
Affiliation Department of Life Science, University of Seoul

p Contact Information
Email dslee@uos.ac.kr
Phone Number  (02) 6490-2676

Research Interest

Translational bioinformatics, Machine learning and computational genomics

Educational Experience

2010 B.S. in Life Science, Korea University, Korea

2015 Ph.D. in Medical Science, Seoul National University, Korea

Professional Experience

2001-2007 Assistant Professor, Department of Life Science, University of Seoul, Korea
2016-2020 Post-doc research fellow, Salk Institute for Biological Studies, USA

Selected Publications (5 maximum)

1.

2.

Simultaneous profiling of 3D genome structure and DNA methylation in single human cells.
Nature Methods. (2019)

A noncanonical BRD9-containing BAF chromatin remodeling complex regulates naive
pluripotency in mouse embryonic stem cells. Nat Commun. (2018)

. An epigenomic roadmap to induced pluripotency reveals DNA methylation as a

reprogramming modulator. Nature Commun. (2014).

. Genome-wide characterization of the routes to induced pluripotency. Nature (2014)

. Divergent reprogramming routes lead to alternative stem-cell states. Nature (2014)
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Central Dogma, &

DNA Protein

Venter et al., Celera, Science, 2001 International Human Genome Sequencing
Consortium, Lander et al., Nature, 2001




Next Generation Sequenﬁh
(NGS)

NGS Applicationsx

RNA RNA seq
Whole Genome Seq
Target Seq
Bisulfite Seq
ChlIP-seq
ATAC-seq
Hi-C seq

DNA

Single cell / Multi-omic
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Sequencing library preparatio

DNA Library Construction

RNA Library Construction

Genomic DNA T ==
RNA
Fragmentation e Adapter
Ligation
— Co— —Ea—— S—
————— E— s S—— = = A ————
Fragmented DNA Amplicons — S— S B
cDNA
y o -— - % 2 -— -
Adapter Ligation, Adapter Ligation,
-— . - RT-PCR
PCR Adaptfers PCR Adapters

Sequencing Library

Sequencing Library

General overview of NGS Library Construction.

Genome Sequencing data analysis pipe

Raw Unmapped Reads
uBAM o) FASTD
1

fasta

——l Map to Reference l

Raw Mapped Reads

Mark Duplicates ]

[
{ Recalibrate Base ]

Quality Scores
+

Analysis-Ready Reads '

Analysis-Ready Reads

‘ Raw SNPs + Indels \ k
ik

|

[ Filter Variants ]
[ Refine G:motypes ]

Call Variants Per-Sample

HaplotypeCaller in GVCF mode
[ Annotate Variants ]

A0 swes | ndes ) 3

sssassanssnasa,

sssss

‘ Analysis-Ready [ \
L[ Consolidate GVCFs ]-J .

‘ Joint-Call Cohort \
| Raw SNPs + Indels [ | :

GATK Best Practice

[ Evaluate Callset J
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NGS | O] E{ O] L= T Al
-FASTA
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HE Reference genomes & 2

I
sequence= HEASI= 718 7|28 Ql oH,
DNA sequence 28t OFL|2} Protein sequencek X ZSHCH
>'2 FTME B3I SHEL 50712 sequence?t B EICEH

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NNNNNNNNNNNNNNNN N \

NNNNNNNNNNNNNNNNNN! NNNNNNNI
NI I‘-JF*JF*H‘JFHH- H'
NI

NNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNR

NGS H|O|E{ o] Lx=QF&Al
-FASTQ

+ FASTAO|2[0] 2HE SollA B ME BEYH, 422 0[F0{H ULt

« FASTA Z3H9| Z} 7|0 QV(quality Value)Zt F=7tEl HEHO|CE.

- R DR BE 7|AHQ Mo FHYL(@EH|HES : lane HS : xEHE : yILE :
multiplexing indexing: paired—end)& E+=C}.
FHM A2 sequence, N2 ZE2 &= X}2|
MEMA2 +, FI74E 01 HEIF UL,
N @DRRO0O615 149 HWUSI-EASS505:1:1:15:14 length=51
o HHRE 2 sequencing quality GTAAGGGCACAACGTTTCTCTCAAGGGCCANNNNNTNNNNNNNTNNNNNNN
+DRRO0O615. 149 HWUSI-EAS505:1:1:15:14 length=51
957A/3@C63CC OA+ABCCBCCCC@a###E#E! 1 11 1111111 I#I NN

B 1305 HWUST -EAGS05 1.1 T

‘l‘l‘l‘!l

+DRRO00615. 1395 HWUST-EAS505:1 1 12- 13 gﬂA*
@8(92 (——9>2@ @##############"""""" #"""

TAGGAACACTTTCT' ATTTATTCCTGCCTATCNNANNNNN CNNNNNNN
+DRR0O00615. 3018 HWUSI -EAS505:1:1: 24
TAAS->=9@75CA3>BB6BE , BAO, | S=#####|
@DRRO00OG e B S505:1:1:221:13 length=51
GTAAAAGT CATCCNNNNNNNNNNNNNNNGNNNNNNN
+DRRO00615. 3021 HWUSI-EASS0S5:1:1:221:13 length=51

L B*7473: BBBEAQ@BCCBCR## AL | 1 11111 1LLIIIIILII1]
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sequence data




FASTQOJ| A1 2] Sequencing quality
-Phred quality score & ascii.=

T T o o S O S T T A S T T I R ST B
'
1 SE555555555555555555555555555558555058505888 . ittt aiiniiiiciiiiititiniiinnnnas '
} sesseresccscnssasserceacns XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX . 3
e I I I TTIIIITIIIT : _
V deesinaiasesienienns s seinesiaianseioll 13 13333IIIIIIIIIIIIIIIII :
b ST LS L L T LU L DL TR ETE S 5 >t s £ or o e s e s ar s e o AW S SR S aas : 10 1in10 909
1"#$%&" ()*+,-./0123456789: ;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]"_ ijkl |}' : n
' | ' -
)33 59 64 73 104 126 ] 20 1in 100 99%
Deveerecnccnnsnnsannannes 26...31.00000e 40 ' "
Baino B bapiaains (TR R e G QYR Pl £ 40 : 30 1in 1000 99.9%
[ I 9icterensensnnsecsossncncsnnns 40 '
- SRR A R o T A D | : 40 1in 10,000 99.99%
0.2.crcencsccvcnsesennsnns 26..03lecenrane 41 :
' 50 1in 100,000 99.999%
s - Sanger Phred+33, raw reads typically (0, 40) '
x - Solexa Solexa+64, raw reads typically (-5, 40) : 60 1 in 1,000,000 99.9999%
:I - Illununa 1.3+ Phred+64, raw reads typ.\.cally (0 40) :
Z ina 1.5+ Phred+64 !
nused, l=unused, 2=Read Segment Quality Control Indicator (bold) '
: (Note: See discussion above). A
:L - Illumina 1.8+ Phrsd-#33, raw reads typically (0, 41) :
................................................................................ ]
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Phred Quality Score

- Q-Score= E7|E == I 2MSE =
* Q=-101log P
« P=Q7IEZ L B IS Aﬁ(él-%)

=2

$Q

- Q10=G7[107HE ESS W17 F7IE H 2 ES &&=
- Q20=Y7| 1007 E E{S I 17| Y7 |EH 2 ER2 HE

- Q30=¢7[ 100071 S == W17 G7IEE X == &=

‘ "’_Q:-10|ogmp L [T

R 10 1in10 90%

‘ 20 1in 100 99%
=P probabilltytha‘t \base is wrongly called %0 1in 1000 99.9%
Q10 =1in 10 chance ef~wrongcall —— 40 1in 10000 99.99%

Q20 =1in 100 chance of wrong call. = * 110100000 90999%
60 1in 1,000,000 99.9999%
~Q30=1in 1000 chance of ‘wrong caII
I
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Phred quality score

« phred score’/| 3™
Phred scorel| X472 02 7
= Ct. 25 phred score= E{ 40AtO0|0| =x5t=0|, O
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Z |ZICt= oA qualityS H#A|SH7|0f EE= =40

Ial

= o = | — — o .
ASCIl code BOA A 3271 3tH MO EX2HA Z|2EE20 DHEHE =
SAt7F gl mpEtM StHO| 7tEY Ae ZAE BA|LX| $=Ct =Xtet

2671t X| Q]

QE, 2|0 EFEA HAES HASI=H = MEFE 32~1
9570 E ArE%tCt. LHIXOZ  Phred scorelf| +33S & 4SS ASCI
codeZ HMYA| fastg LtLO| MZESH=H|, o™ HHE 2| lllumina HIO|EH =2
B2 +332 AF2SHCH = O£ ASCIl code 2
E | AFO|Q| ZXIE2 HA|=ICH= AO|C}
=CtH O|= &3] high qualityd=
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 https://www.bioinformatics.babraham.ac.uk/projects/fastqc/

» FastQC aims to provide a simple way to do some quality control checks
on raw sequence data coming from high throughput sequencing
pipelines. It provides a modular set of analyses which you can use to
give a quick impression of whether your data has any problems of which
you should be aware before doing any further analysis.

« The main functions of FastQC are
 Import of data from BAM, SAM or FastQ files (any variant)

14
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First_Alignment
(B

Low mappability due to weird

ECWTIEL [ 28 -n 1) notrim_nan

bOWt|e1 _nO_Trlm) ;’tét‘/?ntéiilnnmgo reads.Proba

72073.2%)
958019(67.6E%)

o0
30
B 8‘7\
id ]
50

50

sition i rasd (o) Pochan i read (bg)

Per base sequence content: read1

17

* trimmomatic

* FASTX-Toolkit

* FastProNGS

_+ googleOf "NGS trim software" & 45| £ AL
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Alignment, Mapping

] " 00 120
| ' 1

e TTAGTTTGTTTT - - - - CTTTCTTTCTTTCTTTIT T T T T TTAAGTCTCCCTCTGTCACCCAGRTT
O TTAGTTTCTTTTGEBGCTTTCTITCTTITCTITITTIT

o TTAGTTTCTTTTGEEGCTTTCTTTCTTTCTTITTITTT
S T TAGTTTCTTTTGEEGCTTTCTTTCTTTCTTITTTTTTTTTAAGTET
BEIELSIEHEEREPTEAEITTE R CAEE  ROfORmes Seguenes TTTAGTTTCGTTTGEEGCTTTCTTTCTTITCTTTATTTTTTTAAGTCTCCCTCTGTCACCCAGGTT
CTRATGTGCCRCCTCACTTCRGRTRET Short read 1 TTTAGTTTCTTTTGEEGCTTTCTTTCTTITCTTITTITTT
TTAGTTTCTTTTGEEGCTTTCTITTCTTITCTTITTITTTTITTITAAGTCTCCCTCTGTCACGCC
TGATGTGCCGCCTCACTACGGTGRTG Short read 2 TTAGTTTCTTTTGEEGCTTTCTTTCTTTCTTITTTITITTITTAAGTCTCCCTCTGTCACCCAGGT
TTTAGTTTCTTTTGECGCTTTCTTTCTTTCTTTTTTTTTTTAAGTCTCCCTCTGTCACCCAGGTE
GATGTGCCGCCTCACTTCGGTGGRTGA Short read 3 B TTTAGTTTCTTTTGEEGCTTTCTTTCTTTCTTTTITTTTTTTAAGTCTCCCTCTGTCACCCAGRTT!
TTAGTTTGTTTTGEGOCTTTCTTTCTTTCTTTTTTTTTTTAAGTCTCCCTCTGTCACCCAGGTT
GCTGATGTGCCGLCCTCACTACGRTG Short read 4 TTTAGTTTCTTITTGEEGCTTTCTTTCTTTCTTITTTTTTTTITAAGTCTCCCTCTGTCACCCAGGTTY
TTAGTTTCTTTTGEEGCTTTCTTTCTTTCTTTTTTTTTTTAAGTCTCCCTCTGTCACCCAGGTT:
GCTRATGTGCCGLCCTCACTACGGRTG Short read B TTAGTTTETTTTGECGCTTTETTTETTTCTTTTITTTT T TTAACGTCTCCCTCTGTCACCCAGGTTI

TTTAGTTTCTTTTGEEGCTTTCTTTCTTITCTITTITTTTITTTITAABTCTCCCTCTGTCACCCAGGTT

TTTAGTTTCTTTTGEGGCTTTCTTTCTTTCTTITTTTTET TTAAGTCTCCCTCTGTCACCCAGGTTI

TTTAGTTTCTTTTGEEBGCTTTCTTTCTTTCTTITTITTTTTTTAAGTCTCCCTCTGTCACCCAGGTT!

TTTAGTTTCTTTTGEEGCTTTCTTTCTTTCTTITITTTTITTITTAGTCT CTCTGTCACCCAGGTTY
TTTTTTT

cc
CTTTCTTTCTTTCT TTTAAGTCTCCCTCTGTCACCCAGGTT

19

Alignment

* Next-generation sequencing generally produces short
reads or short read pairs, meaning short sequences of <~200
bases. To compare the DNA of the sequenced sample to its
reference sequence, we need to find the corresponding part of
that sequence for each read in our sequencing data. This is
called aligning or mapping the reads against the reference
sequence. Once this is done, we can look for variation (e.g.
SNPs) within the sample.

20
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Alignment, mapping

* blast: https://www.ncbi.nlm.nih.gov

* blat: http://genome.ucsc.edu/

* high throughput data aligner
* bwa
* bowtie
* gsnap

hisat

e star

21

Software packages 1vst) vet ssvn!

software  # I
Patek | Commeral
WAl Fene sobtware

Bowtie Free sibtaare

oo L PP

CIC workstation | Commareisl

NedGenmap’ T | Dpen 1ourte

Bisring
SOUD

Fmira

g

Command loa
Command loa

Cammand tos

Command line

Command ine

umna, loa Tanent | Command Ling

Novoalign | Commerical for mult-Ehiesded verion. Singie thieaded verson s fiee | Muming

mOFAST-Ulte" | Free scttware

&
=
I3
1 an

454 penTorent

452 tenTament

P
Wyming
Ve

s

Bvirg

Tuming

Command linr / GUI

= Frog tral
* sy to e, command ine
= Vst choice of publicly vaable Mignent recommanded by Wuming & Lile Technckigee loa Toment
| » Gussace on signment cheice

* The SAM/BAM output scthere 10 SAM format, conting mapped and unmapped dEta, eaty 19 pane
o Moty thresded. aampe 35d samis can oaly LASE | CRU Swat (454 langer read) can Be Ry thresded though
' Mot a3 seraive o5 Stampy and Nowoalgn
» May be cutzertormed by BWA-MEW for 70-10000 Bumina reads.
» Dacussed m the SeqAmwen forumd®
» Fast
= No magping qualty repoited
« Net 3 senctie 35 Stampy and Nevoslgn
» Buance of spéed and senstity
* Can be siow Been g EWA 23 premanger
» Higher sensthity than EWA
o D it manping, Indeding of ganome it Rt nesded
» Algremend can tabe ieys time than BWA & the refereste sequence is saart. e.5 mupping of reads against & targeted region
» Algrment igted b slow IF mapging i done onto & ige gename
» Wit i sebection of aigorhni 10 bulance speed and asnuitty

= Vry imit. sspecialy on genomes «100mip
» Noflimiled S nove variation dikovery
= A0 werks B8 QeR0tyDer

= Algament 18 spuricut based 0o dur dataset
o Algrment soeed is NOT imaressive ot all compared 1o BIWA or Bowte (7 850 « 18GE memery. windows 3008 72-648t)
Fait 40d accurnte, Sef adpuatiog 1o the kndedying duta. Rebust for high polmarphiam
= Loy o
» Faut and sccurate
» Rebutt 16 SNPL
& o adats te the data st
Fhit 403 accurati, Prodably the best Bigrar a6 of 2913,

i

Akt Sccuratn S (R0 . e
| Hat designed foe GS data
L P —"

& o o0 Squintel Maged from Tobg 10 TMBD
» Authary recermmend 10 uie BWAMEM fwhich i the lteit) instead of BWA.SW

» For leeg uagoences tieged feom T0bp s Thibp.

& Newdr wtenon of BWASW, 5 recommanded 10 ute ingesd of BWASW.
» May outperiom BWA for 70.100be iuming reads.

* My cutperionm Novealign for variants cal

|Speed of sigament may bt 100 o for rge G e ¢

f e —

| Trwerignome dara ooy

Tramptnatams duts ek
= Sevitin and elfcient i
o Can be phined with b indepencitat timavng module [ERNL Ahen and & Shulfte tested-tpeche rend Mignar program RNEoei
= Slow whes deslng uith gupped slignments
» Full semsitivty
» Fast and et
= Mulththeaded

22
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SAM/BAM

* SAM stands for Sequence Alignment/Map format.
* BAM stands for Binary Alignment Map

* It is a TAB-delimited text format consisting of a header
section, which is optional, and an alignment section. If
present, the header must be prior to the alignments.
Header lines start with ‘@’, while alignment lines do not.

. Each alignment line has 11 mandatory fields for essential

alignment information such as mapping position, and

variable number of optional fields for flexible or aligner
specific information

23

SAM

SRR10598741.11 83 chrl 10010 11 8S50M3D87M5S = 10056 -94 b
ACCCTCCCCCCTACCCCTCACCCTAACCCTACCCCTAACCCTAACCCTACCCCCAACCACCCTACCCCTAACCCTAACCCCAACCCTACCCCTAACCCTACCCCAACCCTAACCCTAACCCTA
ACCCTAACCCTAACCCTAACCCAACCC )F<--))AAAATA-<AA))-7-7--7F<----F777--1A77--AA7-7A777-7--7-<FA-7-FF<7--JJAA-AFA7--7)FF77--F<-<-AF77-<FJFA-
JJIIEIUIIRIIFAALIIIIIFRIIFAFAA NM:i:12 MD:Z:5A4A12A17A3T4ANCTAGALST7A11A44  MC:Z:58M92S  AS:i:83 XS:i:78

SRR10598741.11 163 chrl 10056 11 58M92S = 10010 94
AACCCTAACCCTAACCCTAACCCTAACCCTAACCCAAACCCAAACCCAAACCCAACCCCAAAGCAAACCACCCCCAACCCCAAACCCAACCCCACACCAAAACACAAACCCCAACCCACA
CCCCAACCCCCACACCAACCCCAACCCCCC AAFFFIIIIIIIIIIIIIIIIIIIIIIIIII-F<IIF-F-F)7<<-T AR T T wmemmememmcees Ay ] S NSy R Ry Ry RS, ) B ) /411 )) R S
N7))7)) NM:i:3 MD:Z:35T5T5T10 MC:Z:8550M3D87M5S  AS:i:43 XS:i:48

SRR10598741.12 83 chrl 10004 O 55S95M = 10005 -94
AGCCGGCATACGAGATGCTCCTGTGACTGGAGCTCAGCCGTGTCCTCTTCCGAACCCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAA
CCCTAACCCTAACCCTAACCCTAACCCTA --)AF<----7----)))7)-FFA--A)777---<F7-F-A-7-7----A7---7-
J33313333333333333030330330333 03 IS EIIIIIIIIII RIS EIIIFIIIFRINIIIINIIIIIFFFAA NM:i:0 MD:Z:95 MC:Z:108M42S  AS:i:95 XS:i:98

SRR10598741.12 163 chrl 10005 0 108M42S= 10004 94
CCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTACCCCCAACCCAACCTCTACCCCGAACAT
CGTGTCGACCTCGGTCGTGGCCGTATCA AAFFFIIIIIIIIIIIIIIIIIIIIIIIIIIIIINIIIFIIIINIIINIFRIFIIINNII-FI<IIIFII-7F-JAF<F-A<A-FFIFF---------7--)--7-7-<)))) 7)7------))-)<A<A-))-
)-7)-)))-7- NM:i:2 MD:Z:94A3T9  MC:Z:55595M  AS:i:98 XS:i:94

| Col Field Type Brief deseription

QNAME | String  Query template NAME

1

2 FLAG Int bitwise FLAG

3 RMNAME | Stiing References sequence NAME

4 POS Int 1- based leftmost mapping POSition
5  MAPQ |Int MAPping Quality

6 | CIGAR | String | CIGAR string

T RNEXT | String  Ref. name of the mate/next read

8 | PNEXT | Int Pasition of the mate/next read

9 | TLEN Int observed Template LENgth

10 | SEQ String  segment SECuence

11 Qual String | ASCI of Phred-scaled base QUALity+33
L4
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sam It'Y Ct=7|-samtools & picard

* AlignmentE St sam L Y2 A|E 2 2 CFYDE pre-processing 17 0] E R SHC

« convert to bam: binary fileZ2 HH 0] ZQ 2N It AO|=E Z 0|1 indexing= &l
= U= ot}

* Sort: bam= LIF7| & =5 5}7| @[3l align® ?IX[ =AM 0| [}2f readE XHHI S SHCE.

* Deduplication: Library preparation 1t’3 & PCRO{|A| <4 71 Duplication= |7 L.

[
)
A
1z
mot

. 9l IEE

jo

s st

—

I=

Z2OH=0| EX|SIH E3| samtools2f picard7t 2| 2A20|10 QULCt,

mn

CLI (Command-line User Interface)

HHE QA H O A(CL)E Command-Line
Interface EE = Character User InterfaceO| C}.

o 1Y HEAQ A2 A& FHEH TEZE,
bashZ CHEL|= QA M 51

.cuRtol A XYUS A FOp Hooig
OFEIE{0| 1 WLt ALt Yoz Ff et o
giotst E9S SIAVME QPR o= AfQiet
% olon] AR5 HloJE o GAl gtexEo=
HCf, £3 AH ZOIME 2 AHSofol o
xQjo| TRst A9t B cut 0] LOHojA
el 5ee BOZEL,

. GUI TR0 S| APHA|A0] T4 7
2750, &gt 7|2 X|Ao] Yop e
Z2ae 4 os = oot
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Galaxy

* https://usegalaxy.org.au/ : Galaxy 2

_« https://usegalaxy.org/ 7| 22| X| 0| X|2F 237}
SN TER

27

Integrative Genomics Viewer (IC

i 16V

File Genomes View Tracks Regions Tools Google Help
i,
‘M ooooo g chm v|‘chrl:dﬂ,aﬁil18—40,835,5]5 ‘Go B o« » @O e 2 | v [+
-
Al [l qB qC1.1 qC1.3 qC3 ql4 qCs qD qEl.1 qE2.2 qE3  qE4 aF qG1 qH1  qH2.3 qH4 qH&|
3.372bp e
40,834,000 bp 40,835,000 bp 40,836,000 bp 3
| | | | | o
PB-13 ~
Treg_WT1.nodup. .bam Coverage
e il ot aeldin, Bt e eme e s b
|

Il [t 570m of 4 2041

https://software.broadinstitute.org/software/igv/download
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= Galaxy

» Data Intensive analysis for everyone
* Versatile and reproducible workflows
* Web platform
* Open source under Academic Free License

* Developed at Penn State, Johns Hopkins, OHSU
and Cleveland Clinic with substantial outside
contributions

29

Core values

* Accessibility

 Users without programming experience can easily
upload/retrieve data, run complex tools and workflows,
and visualize data

* Reproducibility
 QGalaxy captures information so that any user can
understand and repeat a complete computational
analysis
* Transparency

 Users can share or publish their analyses (histories,
workflows, visualizations)

 Pages: online Methods for your paper

30
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Get Data

Collection Cperations
GEMERAL TEXT TOOLS

Text Manipulation

Fiter ana Son

Jain, Subtract and Group
Datamash

GENOMIC FILE MANIPULATION
FASTAIFASTQ

FASTQ Quality Control
SAMEBAM

BED

versck TO o LS
Nanopore

Convert Formats

Lift-Over

COMMON CENOMICS TOOLS
Interactive tools

Operate on Genamic Intervals
Fetch Sequences/Alignments
GENOMICS ANALY SIS

Assemibly

Annotation

Galaxy is an open source, web-based platiorm for data intensive biomedical research, If you
are vew 10 Galaxy start here or consult our help resources. You can install your own Galaxy by
toBowing the tutorial and choose from thousands of toots from the Tool Shed.
James Taylor (1978-2020) believed that
scientific progress can best be sustained
through the mentoring of students and
! Junior faculty.
s
"

o ensure imghemerEaton of B vison, B Galaxy
OMmimuniy fas EStaBIBNED & foundason—IXT: The
James . Tysoe Founasson ke Open Science, Tha

i James
P. Tay|0 r [ ————
Foundation ;o S ——————
P iy k. Plnan, ey covsimmm it demres
e
M AI N Donate Now
POrtal ol covid1.galaxyprojecton -

O Y o8 TACC Cowerse

- Histary

Galaxy introduction

(ompey) e

16D This history s empty: You can load
yous G data o got data from an
xtemnal source

HISTORY

*Three main panels

« Left: Available Tools

« Middle: View your data and run tools
* Right: Full record of your analysis history

31

Analyze Data

Link Usage

Top menu

Analyze Data go back to the homepage

Workflow s

Visualize

Shared Data
ou

Tours

create new visualisations and launch Interactive Environments

your preferences and saved histories, datasets, pages and visualizations

access existing workflows or create new one using the editable diagrammatic pip

access data libraries, histories, workflows, visualizations and pages shared with y

links to Galaxy Help Forum (Q&A), Galaxy Community Hub (Wiki), and Interactive

32
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Join the Intervals of two datasets side-by-side (Galaxy Version 1.0.0) - options || il SOy
searth datasets [=]

* | Galaxy 101
2 shown, 5 deleted

MyRIGES analyzes collectons 9.06 HB % e rl
of multi-condition Chir-ceq - | : i
data LSNPS SR Il
MGS: Varionk Analysis |m PRI
Mutate Codons with Saws : I Brarasc: -
NGS: Du Hovo (]
Du Novo: Mgl ! Returs
Only records that are Jeined (INNER JOIN) -
! 1D TIP: I your dataset does not appear in the pulldewn menu, & means that it & not in interval farmat, Use “edit
Operste on Genomic Intervals attributes” to set chromosome, start, end, and strand colurns,
Lo the intervals of two
datasets side-by-side e o)
Graph/lsalay Data "
See Galaxy Interval Operation Sereencasts {right click to open this link In ancther window).
Mistogtam of 3 numeric y !
column
Genoma Diversity Syntax
DESIGN GENOTYPING - Whera overlap specifies the mirimum cverap betwaan intarvals that allows them to be joined.
STUDIES = Retuen only records that are joined returns oaly the records of the first dataset that Join 1o a record in the
wacond dataset. This is analogous to an INNER JOIN.
+ Astaes the = Raturn all records of firet datacet (fill null with ".") returre all intervale of the first dataget, and any
impact of a gene set on KEGG intarvale that do not Jain an interval fram the secand datacet are filled in with a period(.). This is analogous to
el L) 3 LEFT JOIN.
= Roturn all records of second datasat (fill null with =.") returns all intenals of the cecond datazet, and
Workflows any intervale that do not joln an interval fram the first datacet ara filled in with 3 pariod(.). Note that this
« all workflows may prodica an invalid interusl file, cincs a pariod(_) ic not & valid chrom, ctart, and or ctrand.
- Return all records of both datacats (fill nulle with ".") returne all recards from beth datasats, and fills en
. wither the right or left with pardade. Mote that this may produce an invalid intacval file, since a pariod(.}
s i not a valid chrom, start, end or strand. <
*The tool h hel find tool ded
€ 100l searc elps In 1Inding a tool In a crowae

Sort data in ascending or descending order (Galaxy Version 1.1.0)

Sort Dataset

& A EE

with flavor

Tool interface

1 Favorite * Options

1: RBO1.fasta (as tabular) -l B

*A tool form contains:

Numerical sort
everything in
| Descending order
Column selection

4+ Insert Column selection

Number of header lines to skip

0

# characters are already considered as comments and kept

Email notification

Yes  No

Send an email notification when the job completes.

sinput datasets and parameters
*help, citations, metadata

«an Execute button to start a job,
which will add some output datasets

to the history
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Tool Shed |

6532 valid tools on Dec 04, 2018 Rep05itories by Category

Search - — -
search repository name, description Q

= Search for valid tools

= Search for workflows

Name Description Repositories
Valid Galaxy Utilities Assembly Tools for working with assemblies 128
= Tools
Tools for analyzing and manipulating ChIP-
= Custom datatypes - 65
ChiP-se seq data.

= Repositery dependency definitions

Combinatorial

= Tool dependency definitions Teols for combinatorial selection 10
Selections

All Repositories .

= Browse by cat Computational Tools for use in computational chemistry 76
chemistry

Avallable Actions Constructive Sl Tools for constructing and analyzing

. . 12
= Login to create a repository Geometry 3-dimensional shapes and their properties
Convert Formats Tools for converting data formats 114

Tools for exporting data to various

*Free "app" store: Galaxy Tool ShedThousands of tools already available
*Most software can be integrated

History

» Location of all analyses I
* collects all datasets produced by tools Danmimondams "
« collects all operations performed on the data Sresene

format: bed, database: hg38&

* For each dataset (the heart of Galaxy’s reproducibility), the history tracks

Jjoin (GNU coreutils) 8.22
Copyright (C) 2013 Free Software
Foundation, Inc.

License GPLv3+: GNU GPL

* name, format, size, creation time, datatype-specific metadata U DN R JITE

Jlicenses/gpl.ntmis.

. . . This is free software: you are free
* toolid, version, inputs, parameters e o esie
» standard output (stdout) and error (stderr) ot
g - . . o | ? > »
 state (waiting, running, success, failed) sty i 168 Vi

display with IGV Jocal Human hg38

* hidden, deleted, purged diepay at UCSC main test

*Three buttons

« @ View the file e

- & Edit attributes waz 0T
* e.9. change name S d:, ::
X Delete file . omr

and data 1

2: SNPs ® & x|
>
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Multiple histories

*You can have as many histories as you want

« each history should correspond to a different
analysis
. -
= Galaxy / Europe i
o Q) - Create new
Current History - Switch to b Switch to = Swatch to
Warkflow extract arror Unnamed histary Training: 165 rRNA sequencing with mothur Unnamed history
6 shawn, 16 geieted, 3 hidden B SNOWN, 3 (eleen, 44 fugien 134 shown, 54 geleted, 56 Nidden AL shawn
10.83 K8 & %@ || 910.45M8 ¥ %® | 10568 ¥ %™ | 163.07MB &we
L) o ] o
127; Heatmap.sim on collection 86:  x 236: Krona pie chartondata @ & x ﬂ | 4L samples o
heatmap. sim.sva 235: HTML | alist of pairs weth 20 mems
okt 234; Yexenomy:-to-Krena on ®x | AGchttesi//zsnedocralrecerd ® & X
© 22:V¥son oncollection i svg il ¥ | solisction 184; krona-formatted (800651/flles /Mock R2.fastq
SN i = e | 29: httos://zenodo.oralrecord. @ 4 x
22: flnction 1 113: Classify.seqs on data 48, 4800651 /files /Mock Ri.fasta
o _ x ® F K : -l
shacegstur Ww | 38 hitesi/ /zenodoworaliecon] ® # X
SR NG 0 ERER X 112 Classifvsegsondatads, ® & X e 1800651/files [FID9 R2.fasta
data 9, and others:
2:¥enn on collection 1: svg 37: hites:/ /zenodo.ora/ record
2 nestes It with 1 em * || txsummary 23% NewickDisplovondata  ® & x || ® 4
218: Tree Gragh | /BOOGS]/Miles /FIDS Rifasta
S i 87: Rarefaction.single ondata 7%; X | .
2 st ok N 1 * | rarstaction curves Mrnlnsswsdmcletontss x| lMimeleanina © 4 x
1; Sub.sample on data 76; x Y
! 86 Dist.shared on data 7G: dist files  x A= bites.//zenedo.oral/racord ® # X
o list with & Heens 214: Venn on collection 189: svg * £8300553/Thas (FIDE BLIASM
& nesbed st with 1 item
85: Summary.single on data ® 5 R | 34: hitps://zencdo.org/record ® & X
26: summary 213: Venn on collection 189: ® | | 800651/files/FID7 Ri.fasta
sharedotys
B4: Summary.singie on data ® R  nested Dst with 1 item 33 hitps:/ /zenodo.org/record & # X
26; ave-std.summary /800651 /flles /FID7 R1.fastq
206: Heatmap.sim on collection 199: x|
E3: Rarefaction.single on data 76: o heatmap.sim.svg | 32 https://zencdo.org/record @ F X
@ Ik with & items /800651 /files /{FID6 RZ.fastg
& list with | Rem
199: Dist.shared on data 182: dist x 31 hittps://zenodo.org/racord @ # X
B2: Sub.sample on data 76; » files /B00651 /files /F3D6 R1.fastq
subsample.shared - | st iy & stems

History options menu

History behavior is _ I
controlled by the History History o+Me -

Opz‘/"nno (Anar iran)
Historv S4ma T R—_— History options

<eqr History Actions
Copy . . .
oo N «Create new history (+ icon) will not make
(MY show suueture your current history disappear
e *To see all of your histories, use the history

£ h  SetPermissions

YO Make Private SWI tC h er
| Resume Paused Jobs HiStO ry S + m a

Dataset Actions
View all histories
Copy:Dathgets search datasets

Collapse Expanded Datasets

1 Unhide Hidden Datasets

Delete Hidden Datasets

Copy Datasets from one history to another and
save disk space for your quota

Purge Deleted Datasets
Downloads

Export Tool Citations

Export History to File
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Importing data

-Copy/paste some text

*Upload files from your local computer

*Upload data from an internet URL

Upload data from online databases: UCSC, BioMart,
| ENCODE, modENCODE, Flymine etc.

 sImport from Shared Data (libraries, histories, pages)
| «Upload data from FTP

) )

Datatypes

*Tools only accept input datasets with the
appropriate datatypes
‘When uploading a dataset, its datatype can be
either:
« automatically detected

, * assigned by the user
. eDatasets produced by a tool have their datatype
. assigned by the tool

To change the datatype of a dataset, either:
| adit attributes and Datatypes (if original wrong),

'k/l-/'nn anA DOAaniinre +
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Reference datasets

Example: reference Genome

Database/Build

*Genome build specifies which genome
assembly a dataset is associated with

Mouse July 2007 (NCBI37/mm9) (mmg)

° e.g. mm]o’ hg38_" Burmese python Sep. 2013 (Python_molurus_bivittatus-5.0.2/pytbivl) (pytsivl )
«Can be assigned by a tool or by the user :rtmwm”m;i“;:;f“;;‘f?t;:’:)pﬂl) (hepeery
*Users can create custom genome builds Bushbaby Dec. 2006 (Broad/otoGar ) (otoGar1)
*New builds can be added by the admin v i 2010 s o o) 8

C. brenneri Feb. 2008 (WUGSC 6.0.1/caePb2) (caePb2)
C. brenneri Jan. 2007 (WUGSC 4.0/caePbl) (caePbl)

Workflows
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Warkfiow Canvas | RNA-Seq Tutorial

Workflow Editor

COMMON TOOLS.
[
NG Qualfy contrct
NGS: manipuiasion
NG Maging
HERIBLASTS Input damon
— TOOLS 8Y TOMC — At
MICROBIOLOGY
NGS: BNA-neq ke bactarin
DS e oo aasambly
NOS: postaRsembly

mput dataset

Algnice fnd Phylogeny
Sane.annomiien o
VARIANT CALLING
NOS: SHP Rty
PGS SAM Tooks
N GATRE Inpurdamizt
WGF Toots auput
BED Tooty
ErmsPayes.
RN YA
Bum of homorygenity (FoH)
METAGENOMCS

FasQC fead Q¢

Short read A fom your cunent

*Extracted from a history

Cumengh x
GTF e produced iy Guffinks.

Addonal GTF inpt Files 1 » GTF lle.
proctuced by Cullinks

Reference Annulsdon

merged_vanseipts (gt
SAM o BAM e oF sagned FNASeq
s

Gobal moe {1or use i Trackswn)

Built manually by adding and configuring tools using the canvas

d using an existing shared workflow

Select the refarence genome

Use Desauies

Why would you want to
create workflows?

*Re-run the same analysis on different input data sets
*Change parameters before re—running a similar analysis
*Make use of the workflow job scheduling

 jobs are submitted as soon as their inputs are ready
*Create sub—workflows: a workflow inside another workflow
*Share workflows for publication and with the community
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Visualizations

E
{
g

++ o lu
G rn cAa

AV A
A A'l
' ﬂ
L o

ii
o~
b

(A By Jp S0
. S 1\

*Datatypes know what tools can be used to visualize datas
* Sequencing data has a button for visualizing in IGV

» Tabular data will prompt you to build charts
 Protein data can be seen in a 3D viewer

tive environments: Jupyter, RStudio, etc

Sharing data

*Share everything you do in Galaxy — histories, workflows, and
visualizations
e Directly using a Galaxy account's email addresses on the
same instance
* Using a web link, with anyone who knows the link
* Using a web link and publishing it to make it accessible to
everyone from the Shared Data menu
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Training

https://usegalaxy.org/training-material/

Galaxy for Scientists

Tople

Imtroduction to Galaxy Anakyses

Assemibty

Climate

Ecology
Ipiganaticy
Genome Annotation

Metabaiomics

Metagenames

Proteamics

Sequence analyss

Seatistics snd machine learnng

Transory

Visusktation

e to Galaxy Training!

als developed and maintaned b

Galaxy Tips & Tricks
Topic Tutorials
Using Galxey and Managing your Duta i

Galaxy for Developers and Admins

Topic Tutarials
Gadawy Server administration k)
Development in Galaxy 13

How to contribute?

Fitst oM, thariks for taking the time 1o contribute!

Tiou €0 1EpOrt Mmistakes Of TS, Create more contents, 1. Whatever o your
background, there is probably a way 1o do i via the GitHub website, via
command-ling. If you feel it it toa musch, you can even write it with any text editor
and contsct us: we wil work fogether to integrate it

T gt yau started eheck eur utorials of our Frequently Asked

Que

Galaxy for Contributors and Instructors

Topic Tutorials
Contiitiuting 16 the Gala g Ma 1l
Teaching and Hosting Galaxy trainang &

Material

Lesson

Introduction to Variant analysis

Calling variants in diploid systems

Calling variants in non-diploid systems
prokaryote

Exome sequencing data analysis for diagnosing a genetic disease

Slides

JE] -

0

0

0

From NCBI's Sequence Read Archive (SRA) to Galaxy: SARS-CoV-2 variant
analysis

0

Identification of somatic and germline variants from tumor and normal
sample pairs

M. tuberculosis Variant Analysis
= prokaryote.

Mapping and molecular identification of phenotype-causing mutations

Microbial Variant Calling
prokaryote

o

o

(n]

(n]

Hands-on

Input
dataset

Q

Workflows

fom

Galaxy
tour

Galaxy
instances

@

i
.

i
.

i
.

&
.
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INDEL realignment

Final Alignment file
visualization with IGV

* https://drive.google.com/drive/folders/119b5gakcF
zwk4ArJWr05qgc-JRB1i59w-?usp=sharing
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SARS-Cov-2 mutation G A2} O| =

* https://observablehq.com/@spond/distribution-of-
sars-cov-2-sequences-that-have-a-particular

* https://nextstrain.org/ncov/global?c=gt-
nuc_28960&m=div
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