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Abstract

Abstract - Accession codes - References - Author information - Supplementary information

Replication, validation and extension of experiments are crucial for scientific progress.
Computational experiments are scriptable and should be easy to reproduce. However,
computational analyses are designed and run in a specific computing environment, which may be
difficult or impossible to match using written instructions. We report the development of
continuous analysis, a workflow that enables reproducible computational analyses. Continuous
analysis combines Docker, a container technology akin to virtual machines, with continuous
integration, a software development technique, to automatically rerun a computational analysis
whenever updates or improvements are made to source code or data. This enables researchers
to reproduce results without contacting the study authors. Continuous analysis allows reviewers,

CERN/SPL editors or readers to verify reproducibility without manually downloading and rerunning code and
Laser physics is being targeted for better reporting of experiments. can provide an audit trail for analyses of data that cannot be shared.
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DevOps = Development + Operations
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BioDevOps = Bioinformatics + Development + Operations
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Bioinformatics Analysis Environment as Code
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Cheft recipe and Integration Test
Example: Installing NCBI BLAST by chef

P branch: master v blast-cookbook / recipes / default.rb = B
Tr " .

;1 manabuishii 7 days ago init commit

1 contributor

Efile 10lines (10sloc) 0.253 kb 48 Open  Edit Raw Blame History Delete

case node.platform
when 'debian’', 'ubuntu’
package “"ncbi-blast+"
when 'centos’
by
execute "install blast" do
command “yum -y install ftp://ftp.ncbi.nlm.nih.gov/blast/executables/LATEST/ncbi-blast-2.2.29+-1.x86_64.rpm"
action :run
end
end

debian, Ubuntu®DiZ & Id ncbi-blast+" & WS /Ny —I %A VA KN—)L
CentOSDIBZEIENCBINSRPM/ISY I — I ZBN>TETCA VA N=)L



Cheft recipe and Integration Test
Example: Installing NCBI BLAST by chet

P branch: master ~ = blast-cookbook / test / integration / default / bats / blast_installed.bats

.::' manabuishii 7 days ago init commit

1 contributor

Elﬂle 5 lines (5 sloc) 0.102 kb @Open Edit Raw

#1/usr/binSfenv bats

@test "blastp is found in PATH" {
run which blastp
[ “"fstatus” -eg 8 ]

blastpZ BT TCE 5T A MBI

History

1]
mﬂ.

Delete
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Azure Resource Manager7> 7L — bk

- i
apiVersion: "2016-03-30",
type: "Microsoft.Compute/virtualMachines",
name: "[variables('vmNameMaster')]",
location: "[resourceGroup().location]",
tags: "[variables('tagValues')]",
- dependsOn: [
"[variables('storageAccountName')]",
"[variables('nicNameMaster')]",
"[concat('Microsoft.Compute/virtualMachines/', parameters('vmNameNFSServer'))]"
1,
- properties: {
- hardwareProfile: {
vmSize: "[parameters('vmSizelLeader')]"
h
- osProfile: {
computerName: "[variables('vmNameMaster')]",

adminUsername: "[parameters('adminUserName')]", 1 7 U VY 7 or 1 :| 7 \/ |\\\ T"f}i;‘t&ﬁ/‘]tﬁ H PC%__:

- linuxConfiguration: {

disablePasswordAuthentication: "true", 7 > |j |\“ [C ,%%@
- ssh: {

- publicKeys: [
- { ( Ca Deploy to Azure \
path: "[variables('sshKeyPath')]",

keyData: "[parameters('sshKeyData')]" OR
} azure group deployment create —g AZURERESOURCEGROUP6 \

] \ -n Deployl -f azuredeploy.json —-e local.parameters.json -v J

}
h
- storageProfile: {
- imageReference: {
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O This repository Search Pull requests Issues Gist

BioDevOps / basicsetup

P branch: master - basicsetup / recipes / galaxy_setup.rb

"1 manabuishii 7 days ago bug fix: typo

1 contributor

55 lines (5@ sloc) 2.684 kB

#
# Cookbook Name:: basicsetup
# Recipe:: galaxy_setup
-
# Copyright (c) [2015] [Manabu ISHII] and RIKEN Bioinformatics Research Unit
# Released under the [Apache2 license]
#
# install directory
install_dir="/tmp/galaxy_tools"
directory "#{install_dir}" do

owner "galaxy"

group “galaxy"

mode 88755

action :create
end

# download zip file to /tmp
remote_file “#{Chef::Config[:file_cache_path]}/galaxy_tools.zip" do

source “https://github.com/myoshimura@8e8822/galaxy-mytools_setup/archive/master.zip"

end

# extract galaxy
script “extract_galaxy_setup" do
interpreter “bash"
user “galaxy"
code <<-EOL
install -d #{install dir}

@ Unwatch v

Raw

http://github.com/biodevops/
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Analyze Data Using 3.6 GB
Tools X type to filter, [enter] to select all = History o &1
=
(%) Step 4: Input dataset iS€ o
Get Data Input Dataset [Reference Transcriptome] Paired-
SendlBEte end_eXpress_2016-03-04T07:1
sendData 18: mm10_refMrna.fa - | 6:16+ 00: 00
Lift-Over type to filter 18 shown
Text Manipulation 0 byt 2% ®
. es
Filter and Sort Step 5: FastgMcf (version 1.0)
loin, Subtract and Group 18: @ & X
Convert Formats Step 6: FastQC (version 0.63) mm1l0_refMrna.fa

’7_ Gala Workflow
Short read data from your current histo -

h Workflow Canvas | Workflow_1031_fix_eXpress (imported from uploaded file)
Fetch Sequences Output dataset 'reads_out2' from step 5
Fetch Alignments

Extract Features

FastQC:Read QC x

Short read data from your current
history

Contaminant list
Get Genomic Scores

Contaminant list

Selection is Optional

Statistics html_file (htmi)
. P ags . o
Graph/Display Data Submodule and Limit specifing file P FastQC:Read QC x
. - - FastqMcf x Short read data from your current
Phenotype Association Selection is Optional - output history
A fasta formatted adapter list

Contaminant list

Input dataset X Reads: single or Left-hand of Paired html_file (html)
NGS TOOLBOX BETA . output End Reads -
. . Steg 7: FaStQC (VerSIon 0- 63) Right-hand mates for Paired End
NGS: QC and manipulation nput dataser  x Reads
Short read data from your current histol log (0xt) Bowtle2 x
CUStom tOOIs Of RNA&Q ' y ' et reads_out (fastgsanger, fastqillumina) FASTQ file
. Output dataset 'mates_out2' from step 5 . A ot
custom tools of Pre-AnalVSIS mates_out (fastgsanger, fastqillumina) Q file
contaminant |iSt Select the reference genome
NGS-tOOlS output_unaligned_reads_| flagstat x
Selection is Optional (astasanaen BAM Fil to Convert
NGS-QCtOOIS output_unaligned_reads_r L (T [
(fastgsanger) outputl (txt)
Create-tools Submodule and Limit specifing file output (oam) sort x
Workflows Selection is optional {- | Input dataset x M
outputl (bam)
tout
L A" WorkﬂOWS — eXpress x
Steg 8: Bowtie2 (Version 0.3) A set of target references (annotation)
in multi-FASTA format
( Alignments in the BAM or SAM format
params (txt)
results (txt)
varcov (txt) Cut x

From

out_filel (tabular)

1
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& Jenkins

Jenkins Cl

bot

docs

dry
dryinfra
general

genomics

Pipeline #5 ci_bit_workflow_rna_seq_01_single_end_sailfish_| illumina

=
°

# jenkins
kenko
myquartz

,0k,779,txt, FastgMct on data 3 and data oshirase

,0k, 109559275, fastgsanger,FastgMcf on d

random

,0k, 34261754, fastgsanger,FastgMcf on da

,queued,@,html,FastQC on data 30: Webpa, robot
,queued, @, txt,FastQC on data 30: RawDat:

,qQueued, @, txt,Sailfish_Wrapper on data

seminar

DIRECT MESSAGES
slackbot

WebUID 5 ¢
J—72 70
BEIRICT

Slack
#jenkins - | 22 © Search @
March 9th
& sitecheck-quartz-seq-org - #14412 Back to normal after
0.12 sec (Open)
jenkins BOT 10:32PM

__';@

CB
O

check-r-mac-buildstatus - #120 Failure after 6.8 sec
(Open)

Yesterday

jenkins BOT 2:01AM
ucsc-genomebrowser-cookbook - #224 Failure after 23
min (Open)

jenkins BO .
galaxy-environment-test-multiple - #178 Failure after 1 hr
35 min (Open)

jenkins B0
| r31biocdev-multiple - #211 Failure after 1 hr O min (Open)

jenkins BO

periodic_ucsc_genome_browser_source_get - #157 Failure
after 6.1 sec (Open)

jenkins BOT 1:34PM
ci_bit_workflow_pair_end_sailfish_1 - #4 Failure after 14
sec (Open)

jenkins B0

ci_bit_workflow_pair_end_sailfish_1 - #5 Back to normal
after 7.1 sec (Open)

jenkins BOT 2:32PpM
ucsc-genomebrowser-cookbook - #225 Aborted after 1
min 1 sec (Open)

jenkins BO \
ucsc-genomebrowser-cookbook - #226 Success after 10
min (Open)

w



Bayes Linux: Bioinformatics Analysis Environment

Virtual machine with NGS Data analysis tools and pipelines
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Z4 7 A IR T —5BEITERE: Bayes Linux on RIKEN Cloud System
2015.4& DERRR | READNAY =T v —DT—F@EfT=BETITS>V 7V NV AT A

& 2016FA =TV HATVRT7T—REE ANARD
™ \\@/\—I\“"jj:?(,i

%7\ &,\,
|

BRI AT LHEE

VIR 7HRFE - BMH
FRITIRIE D BB

INAAA DT ANT 14T R
MERERIZY b

7J -+ s
A ﬁflﬂr)l 7%1:% |:|| ?X]\
— ~ Sl — ~ —
A\Y N ~ B e 7 [ -~ -+~ ><:r11c - osifile « ot e Sy B B F
l — ﬂ: J o 0.2 04 06 0.8 1
. temlate - bam) alkd intensi
e
—_ I 7
W— )L DR Fa—~UTI
7N ucsc, bin/hgTracks? destUrl=. %2Fcgi-bin%2FhgTracks&clade=mammal&or... ¥ -
Gmail Elccal @ COrve [ Mindweister (3 GReader [IG+ TPRTM (9 K547 (L] instapaper [ Share on Tumbir searchioos _____Q)| | selecta
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Jour sty Colamaty andGroup s &
>>>
[O———
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chrat q22.11) [IETEE 21p12 21p11.2 2 21G21.1 31g21.2 21021.3 21k2 i
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Uk Genes. Rersea Unibror, Ccos, Reem
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INGS: RNA Analys G
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10Gbase-T
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Arista 7050T-64 Arista 7050T-64
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? OGbaS eﬁf\% §
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& S AO &
[2]
8 SRE 0Gp 3
Q| 40802 PSRy |
GPFSH—/\x3& NetApp x 18
GPFSA ML —Y XenServer x 158 NASA KL —Y

REBY—/\HSNFSY DV
bULTF—5EEE UTER
ERS)

CloudStackz= W TR 181t
HBEUTERTS

REY—/INDA A= T—
IWEUTERTS

IBM DCS3700
+NDSH —/\ 8 AE:544TB

HP DL360p Gen8 x 12

NetApp FAS2220 5.2TB 10G NIC

CPU: Xeon E5-2670 2.6GHz(8 1 7) x 2

MEM: 512GB(DDR3-1333 32GBx16)
HDD: 2.5-7 > 7SAS 146GB 15Krpm x 3

NIC: 10GbE-Tx2. 1000Base-Tx4

DELL PowerEdge R620 x 3
CPU: Xeon E5-2650v2 2.6GHz(817) x 2

MEM: 512GB(DDR3-1333 32GBx16)
HDD: 2.5-1 > 7SAS 146GB 15Krpm x 4

NIC: 10GbE-Tx2, 1000Base-Tx4

A F )

® /\— KUz
® 1,17/0 1GHz vCPUs

® 10 TB RAM

® /34 TB Strage
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® CloudStack
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1ANYRK/7YUy T ARUWEEIC, ARULWEIF, BERX/N O %, Y470V 7 bk &DHERE

Web FDORY >HE YU v /1X Y KTEHEENFIC
OR

azure group deployment create —g AZURERESOURCEGROUP6 \
-n Deployl -f azuredeploy.json —e local.parameters.json -v }

~

SARZERA

CMD

REFHEHEI TV RNZFMABL. ANV ZEEBEL.

- g‘ login

GRID ENGINE

-
©2016 08CLS MATV/CCAYL0

IMAGE
1q

bcl2fastg2:1.0
fastx_trimmer

I genomicpariscentreffastac:0.11.5

FastgToSam

\

|
\\
L]

/’

B §: picard:1.0
E=n

star2.5.1b:1.0

fastx_toolkit:1.0
TagBamWithReadSeguenceExtended J

I
\

Submission Node

/iocker push

docker pull
_—

TrimStartingSequence

qsub

/ qdel /gmod -s \ SamToFastg
/qmod -us \
\ STAR

pyper:1.2
SortSam

MergeBamAlignment
TagReadWithGeneExon
correct_barcode.py

DigitalExpression

"3
A > v" NFS

analog_expression.py

FileSystem
do pull

& docker

BAMTagHistogram

Cost Execution Time
Cost Execution
Time
MacBookPro $3000 MacBookPro Not finished
On-premise $50000 ~ On-premise half a day
Cloud $200/run Cloud half a day
Reproducibility Procurement Time
Reproducibilit Procurement
y Time
MacBookPro N -1 MacBookPro | ey
manually 2weeks
e | Hard - O | half
n-premise orocedure by n-premise alf a year
Cloud YES Cloud 15 min

HUB 460,000+
SHEE AR B lgeoAa g | WIEEYAA
P —

o e T DY
EFARBREN BACFLHAFAR
SRR SEEe é:;m;ﬂsn;mn s P A% j-u E?ﬁ% 7 @ =3

) e ang<ons mmare, ok ) AT e Ry —F SRR KT S —F—

[ gmmmR DSATHA TS AFRMED—EIA P

Q) wwzas

v FARTORAE (49)
B/ P —EREER

.03
HREIRXAAVSA YV

v IRTOUR/P—ER

Microsoft

This compare is done by Not Galaxy Pipeline. This compare
is illumine NextSeq500 1 run , almost 2000 single-cell RNA-
seq.And compare only computational anaylisys.

https://github.com/manabuishii/NGS5th/
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Execution Nodes on cloud

* NIIHWirtual Cloud Provider (VCP)% 12t
e BIFDOPCYU SRAY—D ./ —RKEZAWSH 5 EFHE
e V30X a1—AVIIRTLADSBERICETE

login
N
@ GRID ENGINE p. L CIN
L RIMZN

Submission Node

- e FileSystem
NF
4 A
‘ qsub :

Execution Nodes on-premiss

KEAFRFIRMAEA BE-S2TLAR MR

rqllsﬁﬁﬁ$M%m
o AVTIVRITURBEY-EXR

R - BEY 7 N 7VCP
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VCP Rack @NFVEEDC

I-GW WA #2 |
netns
\ y WLAN

3018

17218791

Service Met 172.18.79.0/24

WVICC WM s
Manage Met
VCP Mgr (I-GW Ve o,
MEL
netns
‘bopd-
WCP
10.255.0.72
—[ ] 172.18.79.2 W LA
CC-Ctr VM 172I13.79'3 3016
{ vec3016) it
10.255.0.71 .

SINETS

backbone

KEHF [17218.79.254 | A

172.18.79.0/24

T =

3016 AWS vg
Direct
Connect

N

router

‘\
A ~
EC2 Instances
Private Subnet
\ 172.30.2.0/24 )
VPC CIDR
172.30.0.0/16
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=sTERE & O X b Hybrid Cloud vs. Public Cloud

SEERSE1E: AWS, m4.10xlarge x 4, EBS 20GB, 593GB&zrix, 20001t > 7L
et EAE: $153.02

12.5

10.0

7.5 System
Cloud

5.0 Hybrid

hours

2.5

0.0

0 40 30 120 160
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® © ® / A custom deployment - Micro web UI Akihiro g — _/--- ExeCUti-o.n‘NQde—So_n CIOUd

»

C | & Secure | https://portal.azure.com/#create/Microsoft.Template or Yy

Microsoft Azure

+ Create a resource

All services

FAVORITES

Resource groups
App Services
= sQL databases
SQL data warehouses
& Azure Cosmos DB
! Virtual machines
0 Load balancers
B Storage accounts
*> Virtual networks
0 Azure Active Directory

‘ Monitor

E

©2016 DBCLS ##3TV / CC-BY-4.0

EREIE 2

Home > Custom deployment

Custom deployment X

Deploy from a custom template

SETTINGS

Admin User Name @

==

* Ssh Key Data @
[ ssh-rsa AAAAB3NZaC 1yc2EAAAABIWAAAIEAOfSINEB2bezGbwYAZFVarLRIDEATC+CQ... /]

* Admin Password @

/
* General User Namme © gsu b//

[onmes

* General User SSH Key Data @

4

[ ssh-rsa AAAAB3NZaCTyc2EAAAABIWAAAIEAt4QAZISD hYJXcVAYdpPgBhTR... |
* Account Name @ /

[ akihiro.matsushima@rikenjp / |
* Account Password @ /

E— i \ FS

* Subscriptionid @

Pin to dashboard

\l
10@'@1%5&

aﬁg%ﬁﬁm

login

GRID ENGINE

-

FileSystem
&
Submission Node

A

send

EEEEENEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEnst

RADQNAP

!

R
B

#q10AH+7 > KFIA#

. (EFEI/RAN
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HPC OPSHfZE S

%20 HPC OPS (AR KA S

#$2[6] HPC OPSHIR S
B0E

HPC OPS (ZWBU—U— &37) fIX2E. BRBZOHERRERKILT ZHD
BEGHER P ZOBMERMICOVWTOHARRTY, AHREMEOREPIZXNEE
T, FROFAREHICZ<OREZETS5NDLSREHRBROMK - EROD
JONVEHBUET, £, EOLSBHRRBZOLOEMARBMFELLD., BH#T
PHEEPEMEEOXHREBELET,

Bagfie UTR, QY7 FREREFHEY 2 57 R TOHigh Performance
Computing, DevOps IC L2 RIFHBRROBBHRE,. 7—IRTV—/ 70—V
VOREPHA, RELAYTILIAPCY SRAYDEBBEREICODVWTHERLE
T, EFEREDEREBRI T, 757 K¥DevOps, HPCICBMb 2 EiTE PRIZERE
NoDE8MELSBERLUET,

« B 201878208, 13K30%-18KF
» BRI BARY70Y 7 (@) 31EEIF—IL—L (C+D)
» BINEBRLIAG . CZESOSMEBLAHT A —LDSERUAHLEE L,
» 6B20BH&MB 1300 £¥T
s BB EDXEULSEDRIICHOYSETWEREL T ENHBDET
» FEE BEHREN BE AR 20V 76

» WA support-bayes at riken dot jp

MRE (SUHRRS)
» A, EUERETE NITOFEBEEBOERRY, Lterate

Computing(for reproduciple infrastructure)ic DLW Ty

» BER—. BINARAR LYY — Extracton Transformation Load ET)7Z 7A—F
ICEDDAT / LBITINA T4 > DHF,

» R BCRTARPT TBA

» BT, BERBRMBSHRA TBA

» CEEFER. GMOR/SREKRSH TTBA

//2 13:30
KA1 70Y T (

SN

Twitter: #hpcopsjp
https://bit.riken.jp/
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