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Comparability and Reproducibility
are nowhere to be found

NEWS | 12 October 2023

Reproducibility trial: 246 biologists
get different results from same data
sets



Pogg epyaotwv (Workflows )

« Mia ponl epyaciac (N aywyog) eivalr pia  akoAoubBia Ae&IToupyliwy TToU
XPNOIMOTTOIOUVTAI VI TV OAOKANpwaon piag d1adikaaoiag.

« 2T [IoAoyia, XPNOIMOTTOIOUME COuXVvA TeEXVOAoyia uwnAng armrodoaong,
ONMIOUPYWVTAGC MEYAAO OYKO OEOOMEVWYV Kal XPNOIUOTIOIOUME €£vav APKETA
LUEYAAO ApPIBUO DIAPOPETIKWV EPYOAAEiWV BIOTTANPOPOPIKAG, OCUXVA £CEIDIKEUPEVA
O€ Hia gpyaaia, yia TNV avaAuon Twv OEOOUEVWY TTOU TTPOKUTITOUV.

« AUTO uTTOpPEI va o0nynoel otn OnuIoupyia TIOAUTTAOKWY POWV EPYOCIWV

avaAuong TTou €ival QUOKOAO va OIaXEIPIOTOUV JE UN QUTOPATO TPOTTO.
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Orchestration strategies: workflow managers

tool A

=|—>%e—

raw.txt intermediate.txt

(DD
(ND[DD
(DND[DD

tool B

% —)%0—) -

- EIRN

o
—_— Gy 5> Po> (2> T[5> Q>[5 >

e B> o) Qo>

7
oo 2

9 Snakemake
a Python workflow manager

result.txt

result.txt



Why Workflow managers?

« Ta gpyaleia dlaxeipiong pong epyaciwy, OTTwS 1o Snakemake, UTTAPYOUV Yia va
EAAYXICTOTTOINOOUV TOV OPIOPNO TWV M AQUTOMOTWY BnNUATWY TTOU
QATTAITOUVTAI YIQ TNV EKTEAEON MIAGC PONC EPYATIWV avAAuoNng.

« AmAoTTolOUV TNV QaVvATITUEN, T OUVTAPNON Kal T XPrjon Tou aywyou,
QVvTINETWTTICOVTAG TNV  TTapaAAnAotroincn Egpyaciwy, TNV EmavaAnyn
OTTOTUXNMEVWYV EKTEAECEWV N BnuUATWY KAl TNV TTapakKoAouBbnon
TTAPOMETPWY, VIO TTAPADEIYUA, KOl KAVOVTOC OTTAWG TOV KWOIKA OOC YEVIKA
AYOTEPO TTEPITTAOKO OTNV avAyvwon Kal apBpwrTn.

« Kavouv etmion¢ tn OIOXETEUCN OOC TTIO €UKOAQ ETTEKTACIUN O PEYAAQ OUVOAQ

OEQOUEVWV.



TLva YpnoLHoTIoOLNoW);
* YTTGpYOouv TTOAAQ EpyYaAcia dlaxeipiong PONC EPYAOCIWV

(https.//qithub.com/pditommaso/awesome-pipeline),

* MEPIKA €ival TTIO CUYKEKPIMEVA VIO TV KOIVOTNTA TNGS BIOTTANPOPOPIKNS KAl auxva
oupBara pe ouvnBeiec epappoyns FAIR yia va Kavouv Tn por) epyaciag Trio
opnT] KOl  avamapaywyiyn, Omw¢ n  xpnon  containers  (TT.X.
apptainer/singularity, docker) 1 dlaXeIPIOTEC TTAKETWY (TT.X. conda).

 [Nolo gpyaAcio dlaxeipions ponc epyaaciag Ba xpnoiuotroinBei 6a €aptnBOei atod
TNV €QAPMOYIN OOC Kal TIC IDIOTNTEC TTOU OOC £vOIAPEPOUV (TT.X. EUKOAIO Xpnong,
PopNTOTNTA, ETTEKTACINOTNTA, DIQBECIUOTATA K.ATT.)

 Acite Tov lNivaka 1 oto Wratten et al , https://www.nature.com/articles/s41592-

021-01254-9/tables/1



https://github.com/pditommaso/awesome-pipeline
https://www.nature.com/articles/s41592-021-01254-9/tables/1
https://www.nature.com/articles/s41592-021-01254-9/tables/1
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AnpowlAn tapadeiypata:

* OI Mo ouxva XPNOIMOTTOIOUUEVOI DIAXEIPIOTEC PONGC EPYACIOC OTOV TOMEA TNG
BIOTTANPOPOPIKNC AUTH TN OTIYMNA €ival o1 DIAXEIPIOTEC PONG EPYATIWV HE YPAPIKA
Kal DSL (TAwooa OUYKEKPILEVNC TTEPIOXNG).

e O1 OIOXEIPIOTEC YPOAPIKWY, TWV OTToIWV €va ONUOPIAEC TTapAdEIyUa Egival TO
Galaxy, 0gv aQTmraITOUV E€UTTEIPIA TTPOYPAUMATIOMOU (OnAadn "onueio Kal KAIK").
ATTO TNV GAAN TTAEUpPAd, o1 DIAXEIPIOTEC poNG epyaciwyv TTou Pacifovral o DSL
EXOUV OXeDIAOTEl yia BIOTTANPOPOPIKOUC ETTEIDN ATTAITOUV €AAXIOTN EMTTEIQIO
TTPOYPAMUATIOMOU.

 To Nextflow kar o Snakemake e€ival TTOAU ONUOQIA} TTOPADEIYUATA TETOIWV
OIaXEIPIOTWY, ME TN MEYOAUTEPN KOIVOTATA Kal TTOAAOUG OIaBECINOUC aywyoudg

ETOIMOUG TTPOG Xpron.



Workflow management systems

COMMON

workrLow - nesciflow
ANGUAGE

S

shakemake




Benefits of automated workflows

1. Increased reproducibility of analyses
2. Increased data consistency and comparability
3. More efficient error tracking (log files) and solving

4. Promotes best-practice bioinformatic strategies

11



But what is reproducibility?

No one agrees: That's actually replication /
repetition / ...

Reproduce: can someone else take the data /
software and get the same answer?

Replicate: can anyone get the same answer from a
different study

12



But what is reproducibility, really?

The Rs of "small r' reproducibility:
* Reproduce

» Replicate

* Reliable & robust

* Repeat & rerun

 Report

 Reuse

« Resource efficient ...

13



Snakemake

« Workflow management system

» Designed by Johannes Koster

* Now Pl at Unikssen Sioiniormatics

. Python3 - based
» cmake philosophy
« conda installation
e conda support

e http://snakemake.readthedocs.io/ M

Snakemake—a scalable bioinformatics workflow
engine @
Johannes Koster &, Sven Rahmann  Author Notes

s X
ioinformatics/bts480
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http://snakemake.readthedocs.io/

Why Shakemake?

2 LVTNPELTAL aTto aKadNUAIKO EpYacThnpLo Kal
elval avolytou Kwoka.

Eival emiong eva amo ta 1o dnuo@lAn epyaiela
olLaxeiplong poncg epyaciacg mov Bacidovtal os
DSL kat 6taBETel yLa yeyaln KowvotnTa 1mov
TapeXeL TANBWPA TIOPWV EKPHABNONC Kal AUeoN
nipoopaocn otnv vrtooTnNPLEN TNS KOvoTNTAC.
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Why Shakemake?

« HyAwooa tov Snakemake gival tapopola pe
avuTn TNG Tumikng ovvtaénc Python

« AELTOUPYEL AQVTIOTPOPA (NTWVTAG apxeLa
e€odov Kal opidovtac Kabe Brjpa mov
artatteital yla tnv napaywyrn toug (Tapopolo
ue to Make).

16



Why Shakemake?

« Tavumapyovta epyaAeila Kat ta pipelines movu
elval ypaupeva oe aAAec yYAwooec deoung
EVEPYELWV UTIOPOLV EVKOAA VA EVOWNATWOOLV
ota Snakemake pipelines.

« To Snakemake €TUTpETEL TNV TIPOCWPLVN
artoBnkKevon HeTa&v ponc Epyactwy yla va
ATIOPELXBEL O ETMAVUTIOAOYLOPOG TWV KOLVWYV
Bnuatwyv petaéL Twv pipelines.

17



Installation

Install miniconda
Download and run the installer (eg. Miniconda3-latest-Linux-x86 64.sh)

Install snakemake with conda
conda install -c bioconda -c¢ conda-forge snakemake
conda install -c bioconda -c¢ conda-forge snakemake-minimal

Test
snakemake —--version

18



g snakemake WOrks

How

« Workflows organized in sets of inter-depended rules

« Runs Python code (can work like a Python script)

» User Friendly / Extends Python functionality

19



How s snakemake WOrks

Mua pon epyactwyv snakemake cuvOEeL KAVOVeEC
XApn 0TA OVOUATA ApXELWV TWV 00NYyLWV
eL0aywyne Kat €€E000L Kavovwv:

Input ‘,__fZZ:#. ‘-i‘-'.'.’.',',___ ? Output — Input _‘._‘fZZ:#. -.:::1‘_','_‘_” ? Output
Rule Rule
Snakemakerules order:
0 TTPWTOG KaVOVaG KaBopICel Ta apXEia OTTOTEAECUATWY, Ol ETTOUEVOI KAVOVES TTEPIYPAPOUV TOV TPOTTO ETTITEUEAG TOUG. J

20



How s snakemake WOrks

¢ OTO TIAPAKATW TIapadelypa draypaupa, 6a
EEKLVNOEL EAEYXOVTAC €AV LTIAPXOLV
"dedopeva e€000L" Kal eav oxL, Ba eAeyel eav
vriapxetl "tmp data n-1" yia tTn dnulovpyla
"dedopevwy €€000L" Kal oLTW KaABeENC.

Input tmp N output
data tool 1 " data 1 dt n-1 0ol n data

21



What’s it look like?

It's just a Python (3) script

A set of rules (input / output / shell or run)
Snakemake computes dependencies
Built-in text substitution!

rule wordcount isles:
input: "moby-dick.txt"
output: "moby-wordcount.txt"

shell: "wc -w {input} > {output}"

22



And how do you use It?

Look for a file called Snakemake
Runs the first rule in it
Both these things can be changed

23



What does the workflow

rule print results:
input: "moby-wordcount.txt"
run:
with open (input, 'w') as in hndl:
for line in in hndl:
print (line)

rule wordcount 1sles:
input: "moby-dick.txt"
output: "moby-wordcount.txt"
shell: "wc -w {input} > {output}"

look like?

24



With and without wilcards examples

rule all
input : "P10415.fasta", "P01308.fasta"
rule get prot
output : "P10415.fasta", "P01308.fasta "
run
shell (" wget https://www.uniprot.org/uniprot/P10415.fasta")
shell (" wget https://www.uniprot.org/uniprot/P01308.fasta")

rule get prot
output : "{prot}.fasta "
run :

shell (" wgethttps://www.uniprot.org/uniprot/{wildcards.prot}.fasta ")

25



Tell Snakemake what files
you want to be created

Produce the files

you want To have fraom
some inTermediate
resull

Creale a needed
intermediate resull

rule:

input; "A.txt", "B Ext®, "C.Ext®

rule:;

input: “{sample}.inter”
autput: "{sample}.txt”

S

ghell: "somecommand {ipput) {output}”

rule: Use wildcards Yo write
input: “{sample}.in" L H
output: "{sample}.inter” deneral ruules

run:
somepythoncodel( )

\_/ﬂ:r; all samples

shakemake

Snakemake defermines Q

The dependerncies
for you VT

\P PG
| |

26



Tell Snakemake what files
you want to be created

Produce the files

you want To have fraom
some inTermediate
resull

Creale a needed
wtermediate resuld

shakemake

S

rule:
input; "A.txt", "B.Ext", "C.Ext"

The dependerncies

rule: 'FCI'r’ WA
input: “{sample}.inter”
autput: “{sample}.txt”
ghell: "somecommand {ipput) {output}”

rule: Use wildcards To wrife
input: “{sample}.in" || ||
output: "{sample}.inter” deneral ruules

Flim: !
uﬁnnepythﬂncudeh \_} all SEIr'ﬂlFrllEE

Snakemake determines

27



Example: mapping reads

rule bwa map:

input:
"data/genome.fa",
"data/samples/{sample}.fastqg"

output:
"mapped reads/{sample} .bam"
shell:
"bwa mem {input} | samtools view -Sb - > {output}"

28



Example:sorting & indexing reads

rule samtools sort:
input: "mapped reads/{sample}.bam"
output: "sorted reads/{sample}.bam"
shell:
"samtools sort -T sorted reads/{wildcards.sample} "
"-O bam {input} > {output}"

rule samtools index:
input: "sorted_reads/{sample}.bam"
output: "sorted reads/{sample}.bam.bai"
shell: "samtools index {input}"



Example: script & keyword arguments

rule rewrite files:
input: "path/to/infile", "path/to/other/infile"
output: first="path/to/outfile",second="path/to/other/outfil
run:
# write both infiles to both outfiles
for £ in input:

with open (output.first, "w") as out:
out.write (...)

with open (output.second, "w") as out:
out.write (...)

30



Reports

rule report:
input: "calls/all.vcft"
output: "report.html"

run:
with open (input([0]) as vcf:
n calls = sum (1 for 1 in vcf if not l.startswith("#
report (n o

An example variant calling workflow

Reads mapped to Yeast ref genome, giving {n calls} varia
v, output[0], Tl=input[O0])

31



g
i shakemake

Workflow flow is implicitly declared through these input-output relationships

rule count:
input: bams = expand('{sample}.Aligned.sortedByCoord.out.bam’', sample=samples)
threads: config['featureCounts_threads']
output: counts='counts.txt'
conda: "envs/rnaseq.yaml"”
params: gtf=config['gtf']
shell:
""" featurecounts -M
0]

{threads}

exon

gene_1id

{params.gtf}

{output.counts} {input.bams} """

rule modify:
input: counts="counts.txt"
output: counts_mod="counts.mod. txt"
shell:

nmn

perl counts_mod.pl {input.counts} > {output.counts_mod} """




g
i shakemake

rule build genome 1index:

If no input is given for a output: 'index_chkp’
conda: "envs/rnaseq.yaml”

rule, it runs automatically threads: config['star build threads']

message: "Building genome index"

params:
genome_fasta=config[ 'genome fasta'],

(needs —-use-conda when run gtf=config['gtf']

Install tool through conda

shell:
""" star --runThreadN {threads} \
Threads, input fasta and --runMode_genomeGenerate \
. . . --genomeDir genome/ \
gtf files can be defined in - -genomeFastaFiles {params.genome fasta} \
. . -sJdbGTFfile {params.gtf} \
config.yamifile --sjdbOverhang 149 && \
mkdir genome/ && \
touch index chkp """




rule all asks final output as input

rule all:
input:

expand("edgeR/02_analyze DE/{de subset}.Ple-3 C{log2FC cutoff}.DE.annotated.sorted.xlsx",

de_subset=de subset,
log2FC_cutoff=config[ 'log2FC_cutoff'])

Wildcards to get names from fastq filenames

## Wildcards

samples = {f[:-11] for f in os.listdir(config['read _dir'] if f.endswith(".fastq.gz"))}
[re.sub("\d+S[_\d+S™, ™, 1) for 1 in samples]
np.unique(groups)

. Python function to create
samp = (s for s in x) .
comparisons = {} the de_SUbset wildcard

for samplel, sample2 in itertools.combinations(samp, 2):
comparisons[str(samplel + " " + sample2)] = str(samplel + " vs_ " + sample2)

return list(comparisons.values())

de_subset = all_pairs(groups)
wildcard_constraints: samples = "trim"

S

snakemake

34



rule all asks final output as input

rule all:
input:

snakemake

S

expand("edgeR/02_analyze DE/{de subset}.Ple-3 C{log2FC cutoff}.DE.annotated.sorted.xlsx",

de_subset=de_subset,
log2FC_cutoff=config['log2FC _cutoff'])

Wildcards to get names from fastq filenames

## Wildcards

samples = {f[:-11] for f in os.listdir(config['read _dir'] if f.endswith(".fastq.gz"))}
groups = [re.sub("\d+S[_\d+S", ", 1) for 1 in samples]

groups = np.unique(groups)

def all_pairs(x): Python function to create

samp = (s for s in x)

comparisons = {} the de_SUbset wildcard

for samplel, sample2 in itertools.combinations(samp, 2):
comparisons[str(samplel + " " + sample2)] = str(samplel + " vs_ " + sample2)

return list(comparisons.values())

de_subset = all_pairs(groups)
wildcard_constraints: samples = "trim"

Parameters defined
in a config.yaml file

rnaseq
channels:
- conda-forge
- biloconda

Conda environments, SEsEhls(E e

defined in a yaml file fastqc
trimmomatic

star
subread
edgeR

read dir: 'name of directory

trimmomatic_threads: 12

genome _fasta: "genome.fasta”
"genome.gtf"

_build threads: 12
star_map_threads: 20
featureCounts threads: 12
log2FC_cutoff: 2 12




shakemake

S

rule all asks final output as input

rule all:
input:
expand("edgeR/02_analyze DE/{de subset}.Ple-3 C{log2FC cutoff}.DE.annotated.sorted.xlsx",

de_subset=de subset,
log2FC_cutoff=config[ 'log2FC_cutoff'])

Then all rules needed to produce the input(s) of rule all are

confirmed/verified from bottom-to-top

13



Snakefile — rules with python

rule create_count_table:
input:
expand("secondary_analysis/{sample}.cnt", sample = SAMPLES)
output:
"secondary_analysis/counts.csv"
run:
import pandas
import glob

filez = glob.glob('secondary_analysis/*.cnt')

t1 = pandas.read_table(filez[1], header=1)

tout = tl.iloc[:,8]

for f in filez:
tl=pandas.read_table(f, header=1)
tout=pandas.concat([tout, tl.iloc[:,6]1]1, axis=1)
print(f)

tout.to_csv('secondary_analysis/counts.csv')



Running snakemake on the cluster

[michalo@eu-login-03 course]f

[michalo@eu-login-03 course]d snakemake -p -j 999 --cluster-confiz cluster.json --cluster "bsub -W {cluster.time} -n {cluster.n}

mkdir: cannot create directory “data’: File exists
['mfc_cnt 1', '‘mfc_cnt_3', '‘mfc_dac_1', 'mfc_dac_2',
Frovided cluster nodes: 2949
Job counts:

count jobs

1 all

12 count_in_genes

1 create_count_table

12 samtools_convert

12 samtools_sart

12 star_map

12 trim

62

Generic job,

Generic job.

*CTerminating processes on user request,

Will exit aftter Tinishing currently running jobs.
[michalo@eu-login-03 course]f

2y michalo — michalo@eu-login-01:~ — tmux — 16

‘mfc_dac_3', 'wb5i cnt 1', 'wb5i cnt 2', 'wbi cnt_3', 'wbi dac 1', 'wbi dac_2'

il

'yb5 dac_3',

‘mfc_cnt_2']




Snakemake vs Nextflow

« Aevuriapxel Eekabapog VIKNTNC.

« To Snakemake kal to Nextflow gival kat Ta dvo
avolXTou KwdLka, dnulovpyndnkav mepimou
TAUTOXPOVA KAl TIPOCYEPOLV TIAPOHOLES AVCELG OTN
olLaxeiplon pong Epyactwv.

« Kat oL dU0o €xouv ELOOKLUNOEL ATIO TOTE PE Pl
HEYAAN KOLVOTNTA XPNOTWYV KAl OTLC OVO TIAEVPEG.

39



Snakemake vs Nextflow

Awooa: To Snakemake Baociletal otnv Python, n
OTtola UTIOPEL VA €lval TILO OLKELA OE PHEPLKOULG, EVW TO
Nextflow Baci¢etatl oto Groovy, KATL TIOL PTIoPEL va
KAVEL TILO OVOKOAO Kal HEYAAVTEPO TOV EAEYXO,
avaAoya Pe 1o urtoBabpo oag.

40



Snakemake vs Nextflow

Mpoocyyion: To Nextflow xpnowpotmolel pla mpooeyylon
«QTo TIAVW TIPOC TA KATW» TIOL CERETAL TN PUCLKN PON) TNG
availvong d0edouevwy,

To Snakemake XpnOoLUOTIOLEL PLa TIPOOEYYLON «aTtO KATW
TPOC TA TIAVW», N OTIOLa CLVETIAYETAL TNV TIPOEKTLUNON
OAWV TwV €€apTnocwy, EEKLVWVTAC amno TA avauevoueva
arnoTteAEoPATA KAl AELTOVPYWVTAG TIPOC TA TILOW OTO
akatepyaota dedopeva. AuTo, mpopavwe, Ba uIopovoe va
elval Evag TEEPLOPLOTIKOC TIApaAyovTac yLa toAL HeYaAoug
UTTOAOYLOPOUG Kal POEG epyaciac (HOVOo yla akpaieg
TIEPLTITWOELG). 41



Snakemake vs Nextflow

Oplopog e€0d0ov: >To Snakemake, oL xpnoTeEG TPETIEL Va
OpLOOLV PNTA TA OVOUATA KAl TOLC PAKEAOLC TWV APXELWV
e€00ov (Ta omoia, akopa KL av €ival KoOupaoTLKO, HTIOPOLV
VA KAQVOULV pLa OLOXETELON TILO KATAVONTN Yyld OPLOPYEVOULCG).
ALTO ovpuBaivel emteldn BaocideTal o AVTA TA APXELQ yLa va
npocoLlopioel OTE Oa 8KT8)\80T81 KaBe Brnpua tov aywyou
ExovTtag pLa mpoosyyilon "aro navw mpoc Ta Katw', To
Nextflow 6ev xpelaletal Ta artoteAeopata va ovopaZovwl

pNTa.

42



Snakemake vs Nextflow

« Dryruns: OL ENpeC eKTEAEOELG €lval XPrOLPES Yia T doKLun
POWV EPyactwy, oto Snakemake, auTto UTOPEL va YLVEL
Xwpig 6edopeva, evw oto Nextflow, ipeTEL va TIAPEXETE
TOULAQXLOTOV Eva PLKPO oLVOAO dedopevwy (AAAG auTn eivat
TIOaAvVWC pLa KaArn tdea ouTwe N AAAWC yla va eAEYEETE yLa

TEEPALTEPW CPAAUATA) .

43



Snakemake vs Nextflow

KataAoyog dnpoclevpgEVWY Kat eTiLHEANHEVWY pipelines:
To gpyo kowvotntag xpnotwyv tou Nextflow (nf-core) eivat
TIEPLOOCOTEPO YVWOTO, AAAA €vac LoodLvaPoC Kal ALlyoTEPO
YVWOTOC KATAAOYOC UTIAPXEL ETILONG YyLa To Snakemake
(poeg epyaciwv Snakemake).

Wratten, L., Wilm, A. & GOke, J. Reproducible, scalable, and shareable analysis pipelines with
bioinformatics workflow managers. Nat Methods 18, 1161-1168 (2021). doi: 10.1038/s41592-021-01254-9

44


https://doi.org/10.1038/s41592-021-01254-9

bams = Channel.fromPath("*.Aligned.sortedByCoord.out.bam")

// Process 'count'
process count:

s s n a ke m O ke conda '/envs/rnaseq.yaml’

input:
set file(bam) from bams.collect()

output:

rule count: counts='counts. txt'
input: bams = expand('{sample}.Aligned.sortedByCoord.out.bam', sample=samples)
threads: config['featureCounts_threads'] shell:
output: counts='counts.txt'
conda: "envs/rnaseq.yaml"
params: gtf=config['gtf'] featurecounts
shell:

nmun

mnn

M\
s 0\

—

featurecounts -V $S{params.featureCounts_threads} \

\
exon \

S
T
0 p
-t
-g gene_1id \
-a
0
{

{threads}

exon
gene_1id

S{params.gtf} \
S{output.counts} \
input.bams}

{params.gtf} é
{output.counts} {input.bams} """ "

[ EER TR T [ (O SR |
O VW O 40




Workflow logic Is the most

iImportant skill to develop

bams = Channel.fromPath("*.Aligned.sortedByCoord.out.bam")

// Process 'count'

P process count:
q s n a ke m O ke conda '/envs/rnaseq.yanl’

set file(bam) from bams.collect()

output:

rule count: counts='counts. txt'
input: bams = expand('{sample}.Aligned.sortedByCoord.out.bam', sample=samples)
threads: config['featureCounts_threads'] shell:
output: counts='counts.txt'
conda: "envs/rnaseq.yaml"
params: gtf=config['gtf'] featurecounts -M
shell: .

nmun

mnn

—

featurecounts -V
0]
{threads}

exon
gene_1id

{params.gtf}

{output.counts} {input.bams} """

S{params.gtf} \
S{output.counts} \

input.bams}

S
T
P

X

-9

-3
0

${

[ EER TR T [ (O SR |
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nexccflow offers more flexibility - 1

Multi-language support Flexibility in process definition

process perlStuff { seq_to_align = ...
mode = 'tcoffee'

m ; process align {
#!/usr/bin/perl input:
file seq to aln from sequences

: 1 3 § I Via
E:}nt Hi there!' . '\n’'; sepibke
if( mode == 'tcoffee' )
} t coffee -in $seq to aln > out file
process pyStuff { else if( mode == 'mafft' )

nnn mafft --anysymbol --parttree --quiet $seq to aln > out file

#!/usr/bin/python

else if( mode == 'clustalo’' )
x — IHe’LlOI nun .
y = 'world!" clustalo -i $seq to aln -o out file
print "%s - %s" % (X,Y)
mon else

error "Invalid alignment mode: ${mode}"

} Yep, this is Python2! }




nexciflow offers more flexibility - 2

» Abstraction between pipeline
processes and how the

pipeline will be executed

» ‘Recycle’ processes between

different workflows

process foo {
output:
path 'foo.txt'

script:
1
your_command > foo.txt
mnnn
}
process bar {
input:

path x

output:
path 'bar.txt'

script:
another_command $x > bar.tXt
mmn

}

workflow {
data = channel.fromPath('/some/path/*.txt')
foo()
bar(data)

}




Practice



First example

A.fasta B.fasta
% Input files
‘ A.fasta
sum.txt B.faSta
A 172
B 24
i snakemake file
@ Snakefile

extract.txt

12
24

50



First rules

A.fasta B.fasta |
rule summarize;:
> A

G input:
A 13 ”»
cecade “A.fasta”,
TACAC B.fasta
output:
! “sum.txt”
sum. txt [ shell:
20 Al “wc —c {input} > {output}”

66 B

rule extract:

@ input:
“sum.txt”

extract.ixt

20
66

output:
“extract.txt”
shell:

“cut51-f1 —d ‘ ¢ {input} > {output}”




Run the rules on its own

A.fasta B.fasta

‘ > snakemake summarize

sum.txt

20 A
66 B

> snakemake extract

U

extract.txt

20 > rm sum.txt extract.txt

52



Add the default rule

B.fasta

q input:
“extract.txt”
20 A
66 B
simply run
> snakemake
@ cleaning up
extract.txt > rrm sum.txt extract.txt
20

66

53



Add a clean rule

B.fasta Snakefile

rule clean:
¢ shell:

“rm —f extract.txt sum.txt”

@ then run

extract it > snakemake clean

20
66

54



Execute

> shakemake # executes rule ‘all’
> snakemake —n  # dry run

> snakemake —-p  # print out the commands

55



Add a message

Snakefile

rule summarize:

input:
“A.fasta”,
“B.fasta”
output:
“extract.txt”
message:
“summarizing counts from {input} and creating {output}”
shell:

“wc —c {input} > {output}”’

56




Add a temporary variable

B.fasta

66 B _ We do not really need to keep this!

extract.txt

20
66

57



Add a temporary

Snakefile

SAMPLES = “A B”.split()

rule summarize:
input:
expand(“{samples}.fasta”, samples=SAMPLES)

output:
temp(“sum.txt”)

message:
“extracting counts from {input} and creating {output}”

shell:
“wc —c {input} > {output}”

> snakemake clean
> snakemake



Add a log file

Snakefile

rule summarize:

input:
“{samples}.fasta”
output:
“sum.txt”
message:
“extracting counts from {input} and creating {output}”
log:
“sum.log”
shell:

“wc —c {input} > {output} ?

> snakemake clean
> snakemake






Why do we need containers?

1. 'Integration hell’

2. ‘It works on my laptop’ problem

61



Deployment issues of bioinformatics tools

Different environments
Different OS

Different packaging
Conflict between tools or versions

Impact on usability and reproducibility

62



Containerized applications run the same

across different computing platforms

Works well
& on my laptop
dﬁcker
A==
— ot
m
docker No issues on cloud!

All good also on server

63



Containerized applications run the same

across different computing platforms

Works well
* on my laptop
docker
A==

docker No issues on cloud!

All good also on server

64



Different levels of encapsulation

Goal : capture the system environment of
applications (OS, packages, libraries,. . . ) to control
their execution.

<>

 Hardware virtualisation (virtual machines) §¢
 OS virtualisation (images and containers) &
 Environment management <CONDA

65



Encapsulation

Ac uttoB£ooupe OTI BEAOUE va eykaTtaoTioouue To RStudio...

MacOS Windows
Install Rstudio ? , (R) e Use Rstudio
Applications RStudio.app
RStudio-0.99.484 (=] [ ona
Choose Your Version \ o

Unix-based




Encapsulation

=ZEKLVINOAUE YE EVAV UTIOAOYLOTH)
TIOU XPNOLUOTIOLEL Eva
OUYKEKPLHUEVO AELTOUPYLKO

‘ \ ovoTnua...




Encapsulation

We started with a computer
— using a specific OS...
v And inside this environment,

—] we installed a new
application.




Encapsulation

RStudio

R Packages
Computer

—EKLVNOAUE PE Evav LTIOAOYLOTH TIOV
XPNOLUOTIOLEL EVA CUYKEKPLUEVO
AELTOUVPYLKO cUCTNHA...

Kat peca og avto to meptpBaiioy,
EYKATAOTNOAUE Pla veEA EPApUOYN.
Ol epappoyeg Bacidovtal og
e€aptnoeLg,

TLX. EEWTEPLKEC BLBALOONKEG.



Encapsulation

¢ 2UVNOWC oL e€apTNOELG
( RStudiovl H RStudiovl.2 w 6lG(POp8'FlKU)V EQApPHOYWYV OEV
- < Tapeupatvouv.
R Packages ' ' '
g )« TrLylveTal opwe av BeAovpue va
OOKLJACOUE TNV TILO TIPOCYATN
éKBoon Tov ayamuévou pag
ePYAAELOV;
« Mropel va vrtapyouyv
OUYKPOUOELC. . .




Encapsulation

¢ 2UVNOWC oL e€apTNOELG
( RStudiovl E\{ RStudiovl.2 w 6lG(POp8'FlKU)V EQApPHOYWYV OEV
| < Tapeupatvouv.
R Pac:}éges ' ' '
g )« TrLylveTal opwe av BeAovpue va
OOKLJACOUE TNV TILO TIPOCYATN
éKBoon Tov ayamuévou pag
ePYAAELOV;
« Mropel va vrtapyouyv
OUYKPOUOELC. . .

—




Encapsulation : managing environments

| RStudiovl I RStudiovl.2 ‘ I6éa 6r"J|OUpY|'G gaxwplo“r(bv
R Packages R Packages 'ITEIpIBG)\)\C')VT(UV Yid KQO¢g
( Environment 1 il Environment 2 1 ﬁ(PO‘PHOYr']-

V%)
Conda CONDA
A\

Host OS

Computer




Encapsulation : managing environments

Analyse 1 Analyse 2
RStudiovl RStudiovl
R Packages R Packages

[0£a : dnuIoupYia CEXWPIOTWV
TTEPIBAANOVTWYV YIa KABE
epapuoyn.

Mo eUEAIKTO: ONUIOUPYNOTE £va
VEO TTEPIBAAAOV ava avaAuaon.



Encapsulation : hardware virtualisation

Application1

Application2

Libraries

Libraries

Linux Linux

Host OS

Computer

Tuylvetalt opwe av 6elovpe
Va EYKATAOTIOOLUE EVa
AOYLOULKO aTO OLAPOPETLKO
AELTOUPYLKO OLOTNUCQ;



Encapsulation : hardware virtualisation

Applicationl

Application2

Libraries

Libraries

VM manager

|10€a: XpNOLPOTIOLNOTE ELKOVIKEG

| pnxavég

[TAeovekTnuata:

« KaBe eapuoyn anokta eva
EVTEAWC OLAPOPETIKO KAl
aveEaptnto mepLBAAAoV

« Ol ELKOVIKEG PUNXAVEC PTIOPOLV Va
HETAPEPOBOLY 0E AAAOV
vrtoAoyLoTn (XPnNoLUoToLWVTAC
Tov (dlo dlaxelplotn)



Encapsulation : hardware virtualisation

‘ Grab File Edit Capture Window Help ® v 6o 'U @l O # <P« 100%E="r Il Wed4Feb 17:03 Celine Hernandez

Macintosh HD
U b u ntu lubuntu-eoulsan [Running]

macs2_contex
C.txt

-

eoulsan

eoulsan-extra

Oracle VM VirtualBox Manager

{:} {\:;} E% 4 (BT @ snap D!

New  Settings Show  Discard

eoulsan-extra- runs
vmrsat1204 Name: lubuntu- chipsegalpha1
@ Powered Off eoulsan

Operating System: Ubuntu (64 bit)
»oot2docker-... _ °
Saved [x] system ‘ o

Base Memory: 8122 MB eoulsan-extra- VBOXADDITIO
;:::1;04 Boot Order:  Floppy, CD/DVD, chipseq_todel NS_4.3.12 937

Hard Disk - 33

[} -] rsat-vb-ubl4d Acceleration: VT-x/AMD-V,
/‘ @ Powered Off { Nested Paging

rsat-vb-ub14s Display

7] @ Powered Off Video Memory: 12 MB
Remote Desktop Server: Disabled
Video Capture: Disabled

lubuntu-eouls...

Storage .

?? ubuntu-galaxy | -
/] [ saved Controller: IDE TextFile.txt

IDE Secondary Master: [CD/DVD] VBoxGuestAdditions.iso (61.77
Controller: SATA ¢ n IL.‘"; 13 17:03 @

SATA Port 0: lubuntu-eoulsan.vdi (Normal, 102.58 GB) @ @ =P @ vm (@ 3 (3Right 88
| @ Audio




Encapsulation : hardware virtualisation

Applicationl

Application2

Libraries

Libraries

VM manager

|0EA: XpNON EIKOVIKWY UNXavwyv

[TAeovekTRMATA:
* UETAQPEPOUEVA AVECAPTNTA
TEPIBAAAOVTQ

* [1Aeovaopocg petacu VMs
« Heavy vyia puBuion
e XWPIC AUTOMATIONO



Encapsulation : OS virtualisation

Application1 Application2

Libraries Libraries

GuestOS 1 GuestOS 1

VM manager

Host OS

Computer




Encapsulation : OS virtualisation

Applicationl ] Application2

Libraries ]

Viinimal Guest O

Host OS

Libraries

|10 «CEYEAAOTE» TIC EPAPUOYEC VIO VA
TTIOTEWPOUV OTI BpioKovTal O€
OIAPOPETIKO AEITOUPYIKO oUCTNUA ATTO
QUTO TOU KEVTPIKOU UTTOAOYIOTN
ATTOQUYETE TOV TTAEOVACOMO.

docker



Encapsulation

Applicationl ]

Application2

Libraries ]

Viinimal Guest O

Host OS

Libraries

: OS virtualisation

| OS virtualisation vs hardware virtualisation

[TAeovekTApaTa:
« TaxutnTa

* H egykaraoTaon €ival TTio ypnyopn

« Agev UTTAPXEI XPOVOC EKKIVNONG
 Lightweight

 Minimal Base OS

« EAayioTEC BIBAIOBAKEC KAI OET EQAPUOYW
* EUKOAN KoIV] Xpron €papuoywyv



Encapsulation : OS virtualisation

Applicationl ] Application2 ,
\ MelovekTnuara:
Libraries ] Libraries , , ,
‘ . MOVG@[KOTHTO. otn XPnon €lKoOvVwy o€
\va o
Eva CUUTIAEY A

« AANANQYEC TIOALTIKWY TNC ETALPELAC
Host OS Docker




RStudio vl RStudio v1.2

R Packages H R Packages

Environment 1

Environment 2

Conda

Host OS

Computer

CONDA

Encapsulation

Application1 Application2

Libraries Libraries

Minimal Guest O

Container engine

Host OS

Computer

docker

Application1

‘ Application2

Libraries Libraries

Guest OS 1 Guest OS 2

i
|

VM manager

Host OS

Computer



docker

Containerized Applications

< m @) ) L L
o Q. Q Q Q. Q.
Q. Q. Q Q Q. Q
< < < < < <

Host Operating System

Infrastructure

Virtual Machines (VMs)

Virtual Machine | | Virtual Machine | | Virtual Machine

Guest Guest Guest
Operating Operating Operating
System System System

Hypervisor

Infrastructure




docker

Containerized Applications

Docker

Host Operating System

Infrastructure

A

uoneolddy

C

uonealddy ]

(

uonesijddy

(.







CONDA :
. an environment manager

Conda definitions

@ Environment: a set of packages/tools in a directory (added to our
PATH)

@ Conda: an open source package + a general-purpose environment
management system (installation, execution, upgrade). For any
programming language, multi-platform (Windows, MacOS, Linux).

@ Conda package: a compressed tarball of a tool

Why using an environment manager?

@ avoid compilation and dependencies problems: an environment
manager will take care of everything!

@ have several environments in parallel each with their own set of tools

@ useful when cross-tools dependencies are incompatible with each other




CONDA
. Access

Conda distribution
@ Anaconda: a data science platform, comes with a lot of packages
@ Miniconda: come without installed packages

Anconda cloud, the “conda hub”

@ Anaconda cloud (private company) relies on the community of
developers, concerns many domains (Machine Learning, Data
Visualization, Dashboarding-web, Image Processing, Natural
Language Processing, etc)

@ Anaconda cloud: made up of channels/owners. Each channels
contains one or more conda packages

@ be careful when downloading any packages from an untrusted source,
always inspect before installation



http://anaconda.org/

CONDA
About channels

Some conda channels
@ default

@ conda-forge: many popular python packages (analogous to PyPIl but
with a unified, automated build infrastructure and more peer review
of recipes)

@ bioconda: bioinformaticians’ contributions

@ private

Channels list order
@ when different channels have the same package = collisions

@ collisionsresolved following the order of your channels list = put
supplemental channels at the bottom of your channel list




CONDA
R, mamba
Condaand R

The R interpreter is included in the r-essentials package ( 200 r packages).
Add r-before the regular r package name (eg. r-ggplot2)

< Favorites v Downloads 3 Package (owner / package) Platforms
linux-32
J . N linux-64
iB o D r / r-essentials 360 L ea
Some essential packages for working with R conda win-32
win-64
linux-64
D skyblued / r-essentials 351 -
1 198513 D sky / ’ “,’vslﬁgg
Some essential packages for working with R conda bl
) conda-forge / r-essentials 41 linuc6d
1 66845 noarch
Some essential packages for working with R. This was migrated from the ' channel. conda osx-64

Mamba
A fast drop-in alternative to conda, using libsolv for dependency resolution

1 conda install -c conda-forge mamba

Next, replace condaby mambato use it




o U b~ W N

simple

conda
conda
conda
conda
conda
conda

CONDA

command

create env -n myenv # creation of a conda environment info --envs #
list environments (* for the active one)activate myenv # active the
myenv environment

list # list packages (only in an active environment)install package

# installation of a tool/package remove package # suppress the

tool from the

environment
conda env remove -n myenv # suppress the myenv environment
conda deactivate # inactivate the environment

miniconda3

With the miniconda3 distribution and by default, environments are
installed in a miniconda3/envs/repository




CONDA
2 modes

interactive
@ create an environment
@ activate the environment

@ install some conda packages

configuration file
@ listall conda packages in a configuration file (yamlor jsonformat)
@ create the environment based on the configuration file (option -f)

@ activate the environment

reproducibility
@ good practice: use a configuration file

@ specify a precise version of a package:
<channel>::<package>=<version>




Conda Exercise



Conda setup

How to access conda?

@ Condais so used that it could even be installed by default to your
machine. To test this: conda --version

@ if not, may install it or got it by a docker image:

1 docker run -i -t -v ${PWD}:/data continuumio/miniconda3

@ already activated on the IFB cluster (otherwise with module:
module load conda)




How to access tools?

Manage Conda environment
@ create the working environment:

1 conda create env -n myenv

Q@ activate it:

1 conda activate myenv

© if notyet done, install packages (specify the channel):

1 conda install -c bioconda bowtie2

@ work with the tools

@ quite the environment:

1 conda deactivate




Install snakemake with conda

Objective

Create a conda configuration file to install the snakemake tool.

Hint
@ Searchits channel in the Anaconda cloud web pages

|I)

@ the "minimal” environment is sufficient




a o A W N R

Install snakemake with conda

condaEnvSmk.yml|

channels:
- conda-forge
- bioconda
- main
dependencies:
- snakemake-minimal=6.5.0

run

conda env create -n condaEnvSmk -f condaEnvSmk.yml
conda activate condaEnvSmk
snakemake --version







What is Docker?

Docker is not very “old”
@ FirstcommitJanuary 2013

@ Firstversion March 2013
@ Version1.0inJune 2014

But its adoption was fast
@ Officially packaged in Ubuntu since 2014 (v14.04)



What is Docker?

Client ) (DOCKER_HOST) @—-&

docker build..-|. - = Docker daemon I =<0z
7 N 7= N K
docker pull - |/ A 3 :
/ \ * \
docker run —7 , - NGINX

(https://docs.docker.com/get-started/overview/)



DockerHub

y

e
m
a
la
»
A
<
D
v
I

i) @ https://hub.docker.com/explore/ = Q Search

Docker Store is the new place to discover public Docker content. Check it out —

Explore Help slgn up Sign in

Explore Official Repositories

nginx 5.3K 10M+ >
NGinNx o
official STARS PULLS DEALS
e redis 3.4K 10M+ )
official STARS PULLS ORUAS
busybox 924 10M+ >
ol fficial
#=< officia STARS PULLS DETALS
ubuntu 5.5K 10M+ >
official STARS PULLS DETAILS
p registry 1.3K 10M+ )
deckae Official STADS oiuLc —DETANS

(https://hub.docker.com/)



DockerHub : Usermade images (1/2)

>

>

>

genomicpariscen’ :
Genomic Paris iy

Centre :
STARS WINLS

Q Paris

© Joined June 2014 ,

>

>

(urlhttps://hub.docker.com/u/genomicpariscentre/)



DockerHub : Usermade images (2/2)

Explore Help mm Signin

PUBLIC | AUTOMATED BUILD

genomicpariscentre/samtools vy

Repo Info
Short Description Docker Pull Command L&
Samtools is a processor of sequence alignments fot SAM and BAM formats docker pull genomicpariscentre/samtoc

Full Description Owner

Samtools is a processor of sequence alignments fot SAM and BAM formats genomicpariscentre

Source Repository

© GenomicParisCentre/dockerfiles

(https://hub.docker.com/r/genomicpariscentre/samtools/)



Host
e e Yt s Ty S ALY ) R A 1 B T e N e e '
E Container1 | E Container2 | E Container3 | Access
i (namespaces) |  (namespaces) | | (namespaces)-— >[ Limits what you can see J
Resources

/ ceroups \ / ceroups SRIDVED \\ >[ Limits how much you can use ]




The client am

@ Jdocker

Tells your operating

system you are using image to load into
the docker program the container

~~ -~

docker run  hello-world

A

A subcommand that
creates & runs a
Docker container

Tells Docker which



FROM ubuntu:20.04 "FROM". Base image

LABEL maintainer 'Jason Charamis”

LABEL contact "jason.charamis@gmail.com" " ”, ; :

CABEL, biild dake = “2923-11-30° LABEL": optional labels for Docker image
LABEL version "v.0.0.1-dev"

# Set environment variables for non-interactive installation
ENV DEBIAN_FRONTEND=noninteractive
ENV TZ=Europe

Step 1: Install essential dependencies N ” . .
RUN apt-get update && \ RUN": Run commands in the terminal
apt gzttéqe:a;}qué \no install-recommends \ (SUdO rlghts are pre—deflned)
libcurl4-openssl-dev \

libssl-dev \
libxml2-dev \

Dockerfile git \ Build your container as you would

python3-pip \

azip \ for the OS of your laptop (e.q. libraries, Python)

wget

# Install Miniconda

RUN wget --quiet https://repo.anaconda.com/miniconda/Miniconda3-latest-Linux-x86_64.sh -0 /tmp/miniconda.sh && \
/bin/bash /tmp/miniconda.sh -b -p /opt/conda &%& \
rm /tmp/miniconda.sh

# Set conda on the PATH N " .
ENV PATH /opt/conda/bin:spati  “ENV” (paths) -> Set conda in SPATH

RUN conda init --all

# Step 2: Install R without prompts Typically used for installing dependencies
RUN apt-get install -y --no-install-recommends \ . .

cobdse \ and setting tools in the PATH

r-base-dev \

&& Lln -snf Jusr/share/zoneinfo/STZ [etc/localtime && echo $STZ > /etc/timezone




How to see if a container is running ?
 sudo docker container ps -a (lists all containers)

 sudo docker container Is (lists active containers)

How to inspect my built Docker image?

sudo docker run -it --name rnaseq automated_variant_calling:latest



How to run a containerized application?

sudo docker n;{@

run interactively



Docker commands

Other commands :

» docker images : listimages available locally

« docker ps : status of containers

« docker rm : delete a container docker rmi :
delete an image

(More details during the practical session.)



How to run a containerized application?

sudo docker run -it -v t(pwd):/mnt/workdir

Bind my current directory with /

container's ‘/mnt/workdir’ directory

Ensure:
1. access to data

2. having the same paths



How to run a containerized application?

sudo docker run -it -v t(pwd):/mnt/workdir -w /mnt/workdir

Bind my current directory with / /

container’s ‘/mnt/workdir’ directory
Define the ‘/mnt/workdir’ directory as

the container’s working directory
Ensure:

1. access to data

2. having the same paths



How to run a containerized application?

sudo docker run -it -v S(pwd):/mnt/workdir -w /mnt/workdir

automated_variant_calling:latest

P

Add image name



How to run a containerized application?

sudo docker run -v S(pwd):/mnt/workdir -w /mnt/workdir

automated_variant_calling:latest snakemake --cores 20

--snakefile AVC/workflow/Snakefile --use-conda

--conda-frontend mamba --verbose --debug-dag

Snakemake command



Hands-on project

Run example Variant calling analysis from E. coli data set

using the containerized automated workflow

Let’'s explain the order through the Snakefile...



Snakemake best-practices

1. Snakemake wrappers for common NGS tools:

https://snakemake-wrappers.readthedocs.io/en/stable/wrappers/bwa-

mem2/mem.html

2. Snakemake executors (HPC, Cloud computing):
https.//snakemake.readthedocs.io/en/v/.0.3/ modules/snakemake/executors.html



https://snakemake-wrappers.readthedocs.io/en/stable/wrappers/bwa-mem2/mem.html

Git Version Control

Local
Workspace Stage ¥ ] Reposi tory
5t
q nodemodids 91t @dd —. git commit
indexjs ! = 0
e, glt reset )
. - /

git fetch git push

git pull
Remote Resosi‘ton/

GitLab




Git Version Control

Local
Workspace Stage ¥ ] Reposi tory
5t
@ nodemodids 91t @dd —. git commit
indexjs ! = 0
e, glt reset )
. - /

git fetch git push

git pull
Remote Resosi‘ton/

GitLab




Git Version Control

Local
5t
é [ rode_modules 91T add —+}, git commit (£
ndexjs ! = Yy
e, git reset )
- /

git fetch git push

git pull
Remote Resositon/

GitLab




import os
import re . .
import subprocess glt_Commlt.py

import argparse

def has_changes(repository):
result = subprocess.run(["
return bool(result.stdout.s

if has_changes(repo
subprocess.run(["git", "add", "."], cwd=repository)
subprocess.run(["git" ‘commit”, "-m", commit_message], cwd=repository)
subprocess. "git", "push", "origin", "main"], cwd=repository)

print(f“No changes in the repository at {repository}. Skipping commit and push."

change_repositories_and_commit(start_repository, commit_message):
repositories = set()

for root, dirs, files in os.walk(start repository):
repositories.add(re.sub("\./|/.*","",root))
repositories = { repo for repo in repositories if not re.search("\.",repo) }
sitories:
d, commit_message )

for d in repo
commit (

parse_arguments():

parser = argparse.ArgumentParser(description="Commit and push changes to Git repositories.’')

parser.add argument('-d', '--repository', required=False, type=str, help='Git repository you want to handle.')
parser.add_argument('-cm', '--commit_message', required=False, type=str, help='Message for commit -m changes.')
return parser.parse_args()

main():
args = parse_arguments()

if args.repository:
commit(args.repository, args.commit _message if args.commit _message else "Small corrections”)
start_repository = '.' # Start at parent directory of repositories

change_repositories _and commit(start_repository, args.commit_message if args.commit _message else "Small corrections”)

__name__ == "__main__
main()




DevOps philosophy of software development

Code changes continously integrated into the

testing, pre-production and production stage

« Agile Development Practices

« Continuous Integration / Continuous Deployment

RELEASE




BASH

THE BOURNE-AGAIN SHELL

The Missing Semester of your CS education:
https://missing.csail.mit.edu/2020/




It sucks! ()
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docker-compose.ymi

O\

« Combine multiple Docker containers

Dockerfile

/

) docker

to create modern data services W Compose

l

%

docker



% docker-compose.yml|

kubernetes \

« Combine multiple Docker containers

Dockerfile

/

) docker

to create modern data services é\\/‘g@ Compose

l

S
» Kubernetes used for managing w

container-based systems

docker



Suggestion - 1
1. Build a Snakemake/Nextflow pipeline

2. Containerize it (Docker)

3. Upload to GitHub or Gitlab
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Suggestion - 2

Find a pipeline/project you actually care about

NGS Computational Phylogenetics

1. RNAseq, scRNAseq 1. Maximum Likelihood phylogenetic analysis

2. DNAseq (Structural Variants) 2. Identification of positive selection

- Short reads, Long reads
3. ATACseq
4. ChipSeq
5. MethylSeq (AVCmark)
6. HiC



Great resources

» Snakemake workshop by Romain Feron:

https://github.com/RomainFeron/workshop-snakemake-
sibdays2022

12
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https://github.com/RomainFeron/workshop-snakemake-sibdays2022
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