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CLOUD ?

Data analysis

Software

Platforms

Infrastructure

Bioinformaticians (2+1)

Systems Administrator (1)




CLOUD ?

Data analysis

Software

— DevOPs

- openstack

- kubernetes

- swarm

- docker

- databases

- reverse proxy
- python

Platforms —
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Infrastructure —

— - outsource
- down scale
- scale out

Platform-as-Code

Enterprise Level Support
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Data analysis

Bioinformaticians (2 + 1)

Software

Cloud Dev Ops (1 + 1)
Platforms

Infrastructure | cioud @ viecor
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BEFORE
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Bioinf.

Bioinf.

AFTER

Cloud
Service
Unit

Team
Cloud Lead

Dev
OPs

Bioinf.




THE BIOINFORMATICS STACK

custom data
analysis

software
development

automated pipelines

¢
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Python, R Python, R Python, R, bash, Perl, (C/C++)
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@ Jdocker
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Capyright (C) 2024 The R Foundation for Statistical Computing
Plotform: x6_64-pc-linus-gnu

R 15 Free saftware and cones with ABSOLUTELY MO WARRANTY.
Yau are selcose o redistribute 1t under cortain conditions.
Type "license()” or "licenceQ)’ for distribution details

Natural languoge support but running in an English lecale

V3 Coce R is o collaborative project with neny contributors
Type *contributors)’ for more informaticn and
“citatien()’ on how ta cite R or B packages in publications.

pe “dena()’ for sone demos, "help()” for on-Line help, or
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- multiple sessions

- multiple kernels

TIMELNE

- multi user
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) GitHub

A Code
A Autobuild (actions)
A SLACK notification

|
|
I PAM list

openstack.
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SOFTWARE

U Operational
U Scientific

U WebApps

flaski.age.mpg.de

write upload log on

. . git
wiki with perma links Berlin

push code

private link
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"

customer

bit

Otasek et al. Genome Biology (2019) 20:185
https://doi.org/10.1186/513059-019-1758-4

Genome Biology

Cytoscape Automation: empowering ")
workflow-based network analysis

David Otasek’, John H. Morris?, Jorge Bougas®, Alexander R. Pico” and Barry Demchak'”

Abstract

Cytoscape is one of the most successful network biology analysis and visualization tools, but because of its interactive
nature, its role in creating reproducible, scalable, and novel workflows has been limited. We describe Cytoscape Automation
(CA), which marries Cytosc/ \ y N
over 270 Cytoscape core fl ————
backed by Swagger docui | Reproducible
reached an advanced stag Workflows

Programming Languages |

(Python, R &

Libraries

V ‘ /| Processed Datasets
g 4 L Programming Environments (Jupyter & Rstudio) ) ﬁ

PyPl) ‘

Keywords: Workflow, Rep

-

Ps) Fe———— R .
€ Cytoscape Automation N
“® (built on CyREST) @ (;,)
E_j [ k;, ¥ v ) ) Visualizations
’ ’ Cytoscape Core H Cytoscape Apps | '

Public Databases

Experimental Data

Data Processing — Analysis — Visualization
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FLASKI
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APPS

flaski

Scatter plot

a

Heatmap

a

Venn diagram

a

KEGG

a

Lifespan

@ flaski.age.mpg.de,

general purpose Apps

data specific Apps
interactive Apps

app2app

forms

E» Export

'n" Heatmap
heatmap.xlsx
Row Names
ensembl_gene_id X -
Data Columns
x WT.Rep_1 x WT.Rep_2 x WT.Rep_3 ' x MUT.Rep_1
X MUT.Rep_2 x MUT.Rep_3 x WT.Rep_4 x WT.Rep_5 X v
X WT.Rep_6 x MUT.Rep_4 x MUT.Rep_5 x MUT.Rep_6
Rows
Figure
Wwidth  |700 ‘ Height ’700
Title Heatmap ] size 16 -
Cluster
Plot
Find rows

Submit

Heatmap

1 |
BN
S o

PDF [B) Results (xisx)

60
40
20

D\

P M M M M Mg . W b, W
© Mg, ng rny rhy ke ng e, TRey e, e, e,
Ry Ry Ry Ry s B s g e A A

e

ke,
ERS

2-score

Apps ~

Forms ~

flaski

jboucas@age.mpg.de ¥
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Methylation Clock
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APPS

Scatter plot

a

Heatmap

a

Venn diagram

a

KEGG

a

Lifespan

'n" Data lake

Filters Samples

Data sets

Groups

@ flaski.age.mpg.de

PCA

X Hanjie_Insulin_signaling X ¥ Hanjie_InsuIin_signaIing

Expression

x N2 x daf2 X v

Samples 10F

Gene names

Gene IDs

log2(daf2/N2)

Download file prefix

data.lake

_5,

F45D11.14

log10(base mean): 4.145735
log2(daf2/N2): 5.176

general purpose Apps

data specific Apps

interactive Apps

app2app

forms

Scatterplot

2 3

log10(base mean)

Apps ~

DGE Volcano

Selected genes

tts-1
unc-38
nnt-1
scrm-4
sod-3
F21C10.11
icmt-1
F17B5.1
F15B9.6
¥39G8B.7
RO5H10.7
F55B11.6
ftn-1
CO8F11.7
clec-52
¥9C9A.16
gst-29
pud-4
pud-3
lipl-1
Y6G8.2
F56D6.9

dod-3

Forms ~

flaski

jboucas@age.mpg.de ~

MA

Methylation Clock

GSEA
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app2app
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@ flaski.age.mpg.de

Samples PCA Expression DGE
@

T Hanjie_Insulin_signaling

X v
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i

Scatterplot
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flaski

MA
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APPS

@& flaski.age.mpg.de

h‘ Heatmap Apps ¥ Forms~ jboucas@age.mpg.de ¥
Scatter plot
U ———— — : Q
: heatmap.xlsx
s Heatmap
Row Names
gene_name x v 20
15
Heatmap Data Columns 10
x WT.Rep_1 x WT.Rep_2 x WT.Rep_3 x MUT.Rep_1 2 .
X MUTRep_2 x MUT.Rep_3 x WT.Rep_4 x WT.Rep_5 X -
ITSN1
X WT.Rep_6 x MUT.Rep_4 x MUT.Rep_5 x MUT.Rep_6 TRMT10C
B Rows ZNF860
Venn diagram x PID1 X - e
[SNN 2z-score
Figure TNS3
IGGA2
Cluster  rosL
- FAM222A 0
o
KEGG L KCNK1
Find rows [SNARCS
PATZ1
Find related rows
C190rf44
I l Bound type: n rows - IFRD1
" IAKNA
Lifespan Lower distance bounds: 10 B398
Upper distance bounds: 10 PID1

ZNF419

general purpose Apps

RDH14

LETMD1

- o My My My My Mg My W, W b
Submit G Ur e U T Ty Ty, T hp i Tk Ty Tk
ﬁe"xses"\q%"\s%‘le 4’{,{1 ‘Pﬂ"\j Dg B Lo B B R,

5—

3

data specific Apps

- .
Interactive Apps

ap pzapp flaski

fO rms Methylation Clock GSEA
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& flaski.age.mpg.de

general purpose Apps

data specific Apps \

interactive Apps

app2app

forms
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Labels

Save

Submit

h' Data lake Apps~ Forms~ jboucas@age.mpg.de
Filters Samples PCA Expression DGE Volcano MA
Data sets B
Groups era-1
x N2 x daf2 X unc-38
. nne-1
Samples w0
scrm-4
U s0d-3
Gene names ezt P21C10.11
- P logi0{base mean): 4.145735 ieme-1
2 L= log2(daf2iN2): 5.176
Gene IDs 8 ra7es.1
s
- = £ F1589.6
0 e ——
) 2 g o - ¥39G8B.7
Download file prefix
ROSHL0.7
data.lake
“ sk
‘n' Scatter plot
s . . . .
0 2 3 4 2 1
i data.lake.dge.xlsx
10g10(base mean) g
x values y values Groups
log10(base mean} ~  log2 FC x v sig x>
Labels -
Figure
Axes
Scatterplot
yes
—
no

- Data lake > scatter plot, heatmap
-  PCA> scatter plot

- DAVID > cell plot / horizontal bar plots

& flaski.age.mpg.de

Apps~ Forms~ jboucas@age.mpg.de ~

sig
" yes
- no

log2(daf2/N2)

-5

—10F

-15 L L s s s

flaski

15



LIVE SUPPORT,

flaski

@& flaski.age.mpg.de

O & ( update
» .
h Heatmap Apps ~ Forms~ jboucas@age.mpg.de ~
heatmap.xlsx @ Exception X
Row Names There was a problem generating your output.
. Not all values in column ‘gene_name' could
ensembl_gene_id X v

be converted to a floating number. Make
sure all selected columns contain floating
Data Columns

or integer numbers.
X gene_name | X WT.Rep1 x WT.Rep_2 x WT.Rep_3
Something went wrong, we have been notified. If
X MUT.Rep1 x MUT.Rep_2 x MUT.Rep_3 x WT.Rep_4 . you would like to share your session with us and
x WT.Rep_5 x WT.Rep_6 X MUT.Rep_4 x MUT.Rep_5 get help on this issue please press 'Ice Cream'.
X MUT.Rep_6
Rows

Figure
Cluster
Plot

Find rows

Submit

Error reporting
Custom error msg.

Session sharing

flaski

=
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SESSIONS

flaski

@ flaski.age.mpg.de/s

™ Storage

Apps ™

u Storage

U pyflaski versioning
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Home
m dir name
7777777777 uP_I_t?ad a session file
Delete Name Size Modified Load Download

[i] shared sessions 2 Bytes aday ago

[in] test dir 0 Bytes 3 days ago

[i1] fsdf.json 10.2 kB 3 months ago i

[i] some_test_FILE.json 10.2 kB 3 months ago |

{ Update

Forms ~ jboucas@age.mpg.de ~

flaski

e ———
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PYFLASKI

web App
graphical user interface)

¥ Heatmap

heatmap.xisx

Heatmap
Row Names
ensembl_gene_id x = 50
Data Columns -
20
x WT.Rep! |x WTRep2 x WTRep3
- oMl L g —o—
X MUTRep1 x MUTRep 2 x MUTRep_3
¥ WT.Rep_4 = WTRep S5 x WT.Rep 8
X MUTRep_4 * MUTRep 5 x MUT.Rep_6
Rows
Figure
Cluster
Plot
Find rows

[ neor ] @recuts oo

g, ey,
o

L)
a, W,
o

iy, Y,
T

Apps~ Forms~  jboucas@age.mpg.de ~

@

flaski
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session

transfer
—

—

- Tabs  Settings  Help
- ¥ Launcher X = example.ipyni .+
B + X E [ » & C w» Co ” & Python 3 (ipykernel) O
o [31: session_file="/pyflaski_sessions/heatmap. json” Bt s PR 8
session, msg = flaski.read session{sessian_file)
= passess ion [“pa”]
= df=pd. read_jsonisession["df"1}
figure, clusters cols, clusters rows, df =flaski.hestmap.make Tigqure(df,pa)
tigure. shaw()
» :
- Session info -
Flaski: 3.12.2
pyflaski: dabdfda?
App: heatmap
Ttens: Filenane, last_modified, df, pa
Heatmap
&0
a
Simple 2 @ Python 3 (ipykernel] | ldle Mode: Command & L 4, Col 31 example.ipynb

File  Edit

Jupyter Notebook
programmatic interface)

View Run  Kemel

o
[
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Too To o To Too Too Too T Too o I

MYAPP

docker-compose.yml
kubernetes.yml

mariadb & redis

granular user access

2FA

admin auth. tokens for new users
user & admin dashboard
Let 6s Encrypt
amd64, arm64, arch64
apps as routes

apps as containers / plugins

Home is where the Dom is.

Base framework: flask + dash

" [ .
Agile App development _ “ D ------ D

redis mariadb ~ myapp: myapp:
- app2

Daily deployed with Flaski { - app1 - app9
- app3 ‘
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WEB DEV STACK

... Dash

byplotly

treefik
Droxy

NGiNX




SUMMARY

V full power of data science libraries to a graphical user interface

V web / server based: continuous deployment

V session management and tool versioning T reproducible science

V graphical (GUI) to programmatic interface

V granular user access: who can see and use which app and function

V open source, open formats, democratic: no code nor data sequestering




KUBERNETES

/
¥

gateway + nfs server (ReadWriteMany) + web listener « = = =

storage master nodes

=1

storage
(ReadWriteOnce)
worker nodes
! worker volumes
. nexus ,
|
g .
Terraform -l
u

openstack.
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) GitHub

A Code
A Autobuild (actions
A SLACK notification

ssl + pass
commit == dev
tag == prod

) o < treefik

Oroxy
Grafana Let’s KB
D Encrypt
_____ 9 ~
~ N
Prometheus ~ -
/N S

V4 ~ 5. ~ N

redis

sentinels

Flask



AUTOMATION



https://www.capellasolutions.com/
https://dianapps.com/
https://thinktrends.co/

AUTOMATION

params.local.json — nextflow-rnaseq [D Q HJ 08

@

{} params.local.json X

Apps = ge.mpg.de =

b RNAseq i
oF json

upload a file or fillup the form

"project_folder
"samplestable'

I N T T T nEestan rawldate®

A006850092_131904_S2_L002_R1_001.fa A003450092_131904_S2_L002_R2_001.fa
"kallisto_raw_data

Readme Samples (example) Samples Info

A control 1 stq.gz,AD03450092_131904_52_1003_RI stqg.gz,A003450092_131904_82_L003_R2 eg. 2 files / sample B
_001.fastqg.gz _001.fastq.gz " -
o rrvas] , A006850092_131924_S12_L102_R1_001.¢ AQO6BS0052_131924_512_L002_R2_0D1. € featurecounts_raw_data
astq.gz astq.gz "genomes"”
o . A006850092_131944_S22_L002_R1_001.f AQDSES0092_131944_S22_LO02_R2_001.€ . .
contre astq.gz astq. gz organism
d - | AD06850092_131906_53_La02_R1_001.fa AO06B50092_131906_83_L00Z_R2_001.fa "release"
sta.gz stq.qz
s - 5 A006850094_131926_S3_LOO1_R1_001.fa A006850094_131926_S3_L001_R2 001.fa "url_gtf
= stg.gz stq.gz "url dna
A006850092_131956_S28_L002_R1_001.f AQOSES0092_131956_S28_LO02_R2_001.€ —
r ShRNA 3 - §20_L002_R1 = 5201002 R0 "
astq.gz astq. gz ercc_labe

"url_ercc_gtf"
"url_ercc_fa" :
"biomart_host":
"biomart_dataset"
"'circRNA":"Non
"daviddatabase"

‘Submit

Ln23,Col2 Spaces:2 UTF-8 LF {} JSON & 0Q

X

HPC MPCDF / RAVEN HPC MPI-AGE / CLOUD lAWS Batch Local
docker |

C
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AUTOMATION

session.json .
< L\ ’a

5 ; o '. .
-5, R - .,
~10
1 2 3 4 5
log10(base mean)

owncloud API T

HPC MPCDF / RAVEN HPC MPI-AGE / CLOUD lLink to results

s
&
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@& nextflow.io

)( nex LI:IOW Documentation Examples ~ Training Resources ~ Forums @ (w)

Nextflow

process sayHello {
input:
val cheers
output:
stdout

Nextflow enables scalable and reproducible scientific workflows using
software containers. It allows the adaptation of pipelines written in the most

common scripting languages.
man

echo $c heers Its fluent DSL simplifies the implementation and the deployment of complex
nun parallel and reactive workflows on clouds and clusters.

’ =R

}

workflow {
channel. ao','Hello','Hola') | sayHello | view

v I: I Join us for the latest developments and
n ea L OW innovations from the Nextflow world!
S U M M IT With training, a hackathon and talks from

pioneers in the field, the Nextflow

Summits are essential events for anyone

OCT 28 - NOV 1, 2024 LogiNextion

Join us for the latest developments and innovations
from the Nextflow world.

Register now

e ¥ bed &5

Zero config Polyglot Concurrency Scale easily

e ————————————————
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