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Why Snakemake? iomais

GNU Make provided us with...

m a language to write rules to create each output file from input
files

m wildcards for generalization
m implicit dependency resolution
m implicit parallelization

m fast and collaborative development on text files
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Why Snakemake? iomais

GNU Make provided us with...

m a language to write rules to create each output file from input
files

m wildcards for generalization

m implicit dependency resolution

m implicit parallelization

m fast and collaborative development on text files
but we missed...

m easy to read syntax

m simple scripting inside the workflow

m creating more than one output file with a rule

m multiple wildcards in filenames
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Example: for samples {500, ...,503} map reads to hgl9.
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Example: for samples {500, ...,503} map reads to hgl9.

rule map_reads:
input: "hgl9.fasta", "{sample}.fastq"
output: temp("{sample}.sai")
shell: "bwa aln {input} > {outputl}"

5/ 14



Snakemake ldea

Genome
Informatics

DUISBURG

ESSEN

Example: for samples {500, ...,503} map reads to hgl9.

ot 18 Sz 555
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Example: for samples {500, ...,503} map reads to hgl9.
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m DAG of jobs

m each path needs to be executed serially
6/ 14

m two disjoint paths can be executed in parallel

[m]



Building the DAG ormuics |

an edge between two jobs A,B if input of A is matched by output
of B, e.g.

"500.bam" matches "{sample}.bam"
=
"500.bam" € L(".+\.bam")

In case of ambiguity:
m Constrain wildcards: "{sample, [0-9]+}.bam"

m Order rules: ruleorder: sai_to_bam > sort_bam
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Scheduling A

SSEN

execute the set of jobs E* among all E C J that maximizes under
lexicographical order
> (b i)

jeE

thél

JEE

such that

J  set of jobs ready to execute
T provided cores

I idle cores

t;  threads of job j

p; priority of job j

ij  input size of job j
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Python Rules A ;i

rule plot_coverage_histogram:
input: "{sample}.bam"
output: hist="{sample}.coverage.pdf"
run:
plt.hist(np.fromiter(
shell("samtools mpileup {input} | cut -f4",
iterable=True),
dtype=int))
plt.savefig(output.hist)
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rule plot_coverage_histogram:
input:
output:
run:
R(MM
# some R code

nn ll)
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In case of unknown number of output files...
dynamically update the DAG to process these
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In case of unknown number of output files...
dynamically update the DAG to process these

rule all:
input: dynamic("{cluster}.pdf")

rule plot:
input: "{cluster}.csv"
output: "{cluster}.pdf"
shell: "gnuplot ..."

rule cluster:
input:
output: dynamic("{cluster}.csv")
shell: "cluster ..."

11/ 14



Genome  [RANCEIY

Dy namic Out put normatics [ESIGAALE

In case of unknown number of output files...
dynamically update the DAG to process these

rule plot:

input: "{cluster}.csv"
output: "{cluster}.pdf"
shell: "gnuplot !

rule cluster:
input:
output: dynamic("{cluster}.csv")
shell: "cluster ..."
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Dynamic Output A

In case of unknown number of output files...
dynamically update the DAG to process these

rule cluster:
input:
output: dynamic("{cluster}.csv")
shell: "cluster V!
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In case of unknown number of output files...
dynamically update the DAG to process these

rule cluster
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In case of unknown number of output files...
dynamically update the DAG to process these
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In case of unknown number of output files...
dynamically update the DAG to process these

>
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rule report:
input: "table.csv", "plot.pdf"
output: "report.html"
run:
report ( nnn

Report of some project

Some text containing a formula

:math: \sum_j \in E t_j \leq I°

and embedding a table F1_ and a figure F2_.
nnn o output[0], Fil=input[0], F2=input[1])
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Report of some project

Some text containing a formula st ptj < I and embedding a table F1 and a figure F2.

snakemake report

2013-01-31

12/ 14

N



HTML Reports A ;o

by qPCR

p of
with HUEx exon arrays

HuEx and qPCR datasets and their combination

Two datasets were given: An IncRNA assay using GPCR (1) and 274 primary tumors analysed with Affymetrix HuEx
exon arrays whithin the NRC.

ENSEML Gene I8 for IRNAS wers exracte (o given IGANA GPCR sy desrption 12, or s, exonc ot

e ENSEMBL hg19 v69
ificd, robesets (L3). H togettir with

Each of these meta-probesets summarizes the expression of one IncRNA. We calculated and normalized the expressions
the given 274 primary tumors. This was done with the Afymetrix Power Tools implementation of FMA with default
data comes from diffrent abs.

Estimation of regulated IncRNAs in the qPCR dataset

o his test. For the. the mean of the two
controis s calculated.

Tible T4 shows uproulted cRNAS st by rength o o change, Tabe 3 shows the e for dowrgultad
ImcRNAS Figure EL shows the histogram o
Counting tumors expressing the regulated IncRNAs in the HuEx
dataset

we only easured by Table T0).
{he HuEE setup decrved abore i pamber o tumors w3 “minium probeset expression o 6. Table 17 shows the
o E2 shows a histogram of he obsorved counts,

Mathematical background

r
5 because cach PCR.
afactorof 18 here,

g and cqi,, for a given INCRNA i . The consistency between the two

(et = ot > 05

i~ 3 Ol + )

Since the latter -cq values are st logarithmic, the mean here corTesponds {o the Geometric mean of the real molecule
counts.

2013.02:00
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Using the dot language of graphviz:

$ snakemake --dag | dot | display
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Using the dot language of graphviz:
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build_bwa_index { run_cutadapt_on_ dataset \ { run_cutadapt_on_ dataset \
prefix: hgref/hglkv37.fasta.gz \ ds: 552 ) \ ds: 557 )
——————- ~

! \
map_ds_against_hg ! download_hgtrack map_ds_against_hg
\ 1

P R P I

! \ ! \
! annotate , ! annotate ,
\ 1 A} 1
~————— ~—————
! A ! \
rnatypes_of_dataset rnatypes_of dataset ! tabulate_cutread_lengths , ! tabulate_cutread_lengths
\ 1 \ 1
- - - e ———— -

plot_| readlengths \
name: 557 !
path cutreads )

’

. { summanze readlengths v

| summarize_rnatypes | o
\ path: cutreads 1y
~

correlate_seq_with_rtpcr
method: quantile

plot_| readlengths
name: 552
path cutreads

W e mmlm -
v o plot readlengths \
" name summary
l

B !
| plot_rnatypes | :
N J v
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Snakemake is a new workflow system that provides:
B an easy pythonic textual representation
multiple wildcards in filenames
dynamic update of job DAG
implicit parallelization and dependency resolution

job scheduling considering threads, priorities and input size

cluster and batch support

https://bitbucket.org/johanneskoester /snakemake
depends on Python > 3.2

Early adopters:
Shirley Liu’s lab, Broad Institute
Genome of the Netherlands Project
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