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SNP calling is technically challenging
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A single command!
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A reference genome and samples with '5([\14}
sequenced reads are the only inputs

A single command!
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A variant call format (VCF) file is the main '5
output

A single command!
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snpArcher has a range of other features

A single command!
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Snakemake is a Python-based workflow
management language

* Snakemake is based on rules - each rule is a step in the workflow
(e.g. read mapping or variant filtering)
* The output of one rule is the input for the next rule in the workflow

» Wildcards allow rules to be run on multiple files

* Snakemake integrates with SLURM and automatically submits each
step in arule as asingle job



Installing Snakemake




Installing Snakemake

1. Install the package manager mamba

https://github.com/conda-forge/miniforge

If you already have mamba installed (type to check) you should skip this

step.



https://github.com/conda-forge/miniforge

Installing Snakemake

1. Install the package manager mamba

https://github.com/conda-forge/miniforge

If you already have mamba installed (type to check) you should skip this
step.

If you have conda installed and don’t wish to mess with your setup, you should
skip this step. Just use the conda command instead whenever you see mamba.



https://github.com/conda-forge/miniforge

Installing Snakemake

1. Install the package manager mamba

https://github.com/conda-forge/miniforge

ﬁScroll to the Install secticm Install
and copy and paste these

commands into your shell Unix-like platforms (macOS & Linux)

Download the installer using curl or wget or your favorite program and run the script. For eg:

2. Follow the onscreen

curl -L -0 "https://github.com/conda-forge/miniforge/releases/latest/download/Miniforge3-$(uname)-$(una Lluj

prompts to accept the bash Miniforge3-$(uname)-$(uname -m).sh
license agreement and <
choose an install location o

(SHOME, by default)

wget "https://github.com/conda-forge/miniforge/releases/latest/download/Miniforge3-%$(uname)-%$(uname -m) (X

bash Miniforge3-$(uname)-$(uname -m).sh

3. When prompted to

initialize mamba, say yes. Uninstallation
You will have to reconnect.



https://github.com/conda-forge/miniforge

Installing Snakemake

1. Install the package manager mamba

https://github.com/conda-forge/miniforge

4 A

If the install was successful,

you should now see (base)

appended to your command
prompt.

(base) indicates you are in
the base conda environment
from which you create other
environments.

\_ /



https://github.com/conda-forge/miniforge

Installing Snakemake

2. Setup your channels for bioconda

https://bioconda.github.io/

4 )

conda config --add channels bioconda
conda config --add channels conda-forge
conda config --set channel priority strict

\_ J



https://bioconda.github.io/

Installing Snakemake

3. Create and activate an environment for Snakemake

(Create:
mamba create -n snakemake-env
Activate:
\k mamba activate snakemake-env




Installing Snakemake

4. Install the snakemake-minimal and snakemake slurm packages

https://anaconda.org/bioconda/snakemake-minimal

https://anaconda.org/bioconda/snakemake-executor-plugin-slurm

-

snakemake-minimal;:
mamba install bioconda: :snakemake-minimal

SLURM snakemake plugin:

\ mamba install bioconda: :snakemake-executor-plugin-slurm
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Installing snpArcher
* snpArcher is installed directly from github:

https://github.com/harvardinformatics/snpArcher/

(" )

1. Make a project folder

mkdir my-project/
. ,
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nstalling snpArcher =

* snpArcher is installed directly from github:
https://github.com/harvardinformatics/snpArcher/

O Product Solutions Resources Open Source Enterprise Pricing Search or jump to... Sign in ‘ Sign up

H harvardinformatics / snpArcher ' pubiic L nNotifications | % Fork 33 Y star 73

1. Make a project folder

<> Code (© Issues 17 19 Pull requests 2 ® Actions [ Projects @ Security |22 Insights

m kd i r my_prOjeCt/ ¥ main - ¥ 11Branches ©1Tag Q Gotofile

(3 Clone ® Snangmake workflow for highly parallel
Q tsackton Merge pull request #231 from harvardinformatics/erikenbody-p variant calling designed for ease-of-use in

1 HTTPS  GitHub CLI non-model organisms.
2. CO py th e II n k fro m B8 _github/workflows add sentieon test di i J

M = - - O 0 Readme
|th u b B et make local fastq bid [ ] L8
g ’ abe &3 MIT license
Clone using the web URL.
M confi add config option t( A~ Activity
9 g op
Cust ti
. W docs Update modules.mc¢ G Open with GitHub Desktop &) Custom properties
3. Inyour project folder @ T3
t M profiles make gls work agai [) Download ZIP ® 8 watching
.
ype' M workflow new line for genome line 2 months ago ¥ 33forks
Report repository
D .gitignore update git stuff 9 months ago
gitg P 9 9
1 1 D .readthedocs.yaml fix sort issue with chrom sizes last year Releases
git clone <lin s ’
[ LICENSE Create LICENSE 3 years ago © 1tags
Yy 9
[ READMEmd update citation last year Packages
O run_pipelinesh updating source activate in run script 3 years ago No packages published
[ run_pipeline_update.sh add update params run script 2 years ago

Contributors 6
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Preparing your data for snpArcher

=
—

il

=N

A RCHER



Preparing your data for snpArcher

You will need:
1. A (.csv file)
2. A Snakemake (template provided in github repo)

3. OPTIONAL: To adjust the resources in the Snakemake



Preparing your data for snpArcher

You will need:
1. A (.csv file)

2. A Snakemake (template provided in github repo)



Preparing your data for snpArcher: ;5N<l}

A RCHEHR

Data can be used locally or by automatically downloading from NCBI.

You will need:

NCBI Local
Reference genome Assembly accession Path to FASTA file

The SRR run accession Paths to FASTQ files
for the raw reads

For each sample




Preparing your data for snpArcher: ;SN@

A RCHEHR

Data can be used locally or by automatically downloading from NCBI.

You will need:

NCBI Local
Reference genome Assembly accession Path to FASTA file

The SRR run accession Paths to FASTQ files
for the raw reads

For each sample

Other optional information for each sample includes sample type,
and map coordinates (lat and lon).



Preparing your data for snpArcher:

Compile your input data into a

sample per row:

r

.

Save your samples.csv file
in your project folder

~

v,

—a

A R

,a CSV file with one

P9 samples.csv X

agam-test > config > B8 samples.csv

BioSample,LibraryName,refGenome,Run

AAOB40-C,AAB040-C,GCF_943734735.2,ERR387821
AAGB41-C,AAB041-C,GCF_943734735.2,ERR387920
AAoB42-C,AAB042-C,GCF_943734735.2,ERR387921
ABo©87-C,ABOO87-C,GCF_943734735.2,ERR501782
ABoo88-C,AB0088-C,GCF _943734735.2,ERR332013
AB0©89-C,ABO0O8S-C,GCF_943734735.2,ERR502048

C

=N

H

E

R
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Preparing your data for snpArcher: =
snakemake nrene

You will also need to set-up the Snakemake .Atemplateis
provided in the repository you downloaded:

Search or jump to... Signin | Signup

O Product Solutions ¥ Resources ¥ Open Source ¥ Enterprise ~ Pricing

@ harvardinformatics / snpArcher  Pubiic O Notifications % Fork 33 Ve star 73

|~ Insights

<> Code (© Issues 17 19 Pullrequests 2 (® Actions [ Projects @ Secug

[0 Files snpArcher / config / config.yaml (3

9a9b24c - 8 months ago {1 History

¥ main v Qe @ erikenbody add config option to sort reads W bbmap before read trimming X
Q Gotofile
Code | Blame 97 lines (73 loc) - 5.03 kB rRw D& 2 v [
> .github
1 S R
> test
2 # Variables you need to change
v config 3 S R
| D configyaml :
contig.yam 5 samples: "config/samples.csv” # path to the sample metadata CSV
N docs 6 final prefix: "" # prefix for final output files
7 intervals: True #Set to True if you want to perform variant calling using interval approach.
> profiles 8 sentieon: False #set to True if you want to use sentieon, False if you want GATK
9 sentieon_lic: "" #set to path of sentieon license
> workflow
10 remote_reads: False # Set True if reads are in a location seperate from --default-remote-prefix.
[ gitignore 1 remote_reads_prefix: ™" # set to google bucket prefix where reads live. FOR SNAKEMAKE 7.X.X ONLY.
[ readthed | 12 bigtmp: " #Set to a path with lots of free space to use for commands that require large amounts of temp space; defaults to system tmpdir if empty
readthedocs.yam 13 cov_filter: True #set to True if you want to include coverage thresholds in the callable sites bed file (default uses mappability only)
[ LICENSE 14 generate_trackhub: True #iSet to true if you want to generate a Genome Browser Trackhub. Dependent on postprocessing module.
15 trackhub_email: ™
(3 READMEmd 16 mark_duplicates: True
. 17 sort_reads: False
[ run_pipeline.sh
18 B AR
[ run_pipeline_update.sh 19 # Variables you *might* need to change
20 S S S
21

2 # Set reference genome here if you would like to you use the same reference genome for all samples in sample sheet. See docs for more info.
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Preparing your data for snpArcher: =
snakemake nrenEr

You will also need to set-up the Snakemake .Atemplateis
provided in the repository you downloaded:

O Product Solutions Resources Open Source Enterprise Pricing Search or jump to... Sign in Sign up

@ harvardinformatics / snpArcher  Pubiic O Notifications % Fork 33 Ve star 73

l' In your projeCt fOlder’ Create a SUb_ <> Code (© Issues 17 19 Pullrequests 2 (® Actions [ Projects @ Secug
folder called configs: @ i

|~ Insights

¥ main - Q @ erikenbody add config option to sort reads W bbmap before read trimming X 9ab24c -8 months ago ¥D) History
Q Gotofile
° ° Code | Blame 97 lines (73 loc) - 5.03 k8 rw @8 2 v @
m 1r contigs > github
> BB test 1 S R
2 # Variables you need to change
v [ config 3 I

I [ configyaml samples: "config/samples.csv” # path to the sample metadata CSV

:
5

M > BB docs 6 final_prefix: "" # prefix for final output files
2. Copy thetemplate : 7

intervals: True #Set to True if you want to perform variant calling using interval approach.

profiles

8 sentieon: False #set to True if you want to use sentieon, False if you want GATK
9 sentieon_lic: ™" fiset to path of sentieon license
> [ workflow
10 remote_reads: False # Set True if reads are in a location seperate from --default-remote-prefix.
[ gitignore 1 remote_reads_prefix: ™" # set to google bucket prefix where reads live. FOR SNAKEMAKE 7.X.X ONLY.
. . . [ readthed | 12 bigtmp: "" #Set to a path with lots of free space to use for commands that require large amounts of temp space; defaults to system tmpdir if empty
‘ p SI I pA r‘ e r ‘ OI I I ‘ OI I I a I I I ( O n I S readthedocs.yam 13 cov_filter: True #set to True if you want to include coverage thresholds in the callable sites bed file (default uses mappability only)
. .
[ LICENSE 14 generate_trackhub: True #iSet to true if you want to generate a Genome Browser Trackhub. Dependent on postprocessing module.
15 trackhub_email: ™
(3 READMEmd 16 mark_duplicates: True
- 17 sort_reads: False
[ run_pipeline.sh
18 B
[ run_pipeline_update.sh 19 # Variables you *might* need to change
20 B
2

2 # Set reference genome here if you would like to you use the same reference genome for all samples in sample sheet. See docs for more info.




Preparing your data for snpArcher: ;5N<l}
Snakemake A RCHTEHR

You will also need to set-up the Snakemake .Atemplateis
provided in the repository you downloaded:

/1.In your project folder, create a sub- \

folder called configs:

mkdir configs/

remote_reads_prefix: ""

bigtmp: "/n/holylfses5/LABS/informatics/Users/gthomas/tmp/"
* cov_filter:

2. Copy the template * generate_trackhub: False

trackhub_email: ""

mark_duplicates: True

sort_reads: Fals

cp snpArcher/config/config.yaml configs/.

3. Edit the relevant parts of the copied

\_ /




Preparing your data for snpArcher: ;5N<l}
Snakemake A RCHTEHR

You will also need to set-up the Snakemake .Atemplateis
provided in the repository you downloaded:

ﬂln your project folder, create a sub- \

I You are now ready to run snpArcher!

MNMMN\U L1 CUITT L 557/ sentieon_

mote_reads: Fa

remote_reads_prefix: ""

bigtmp: "/n/holylfses5/LABS/informatics/Users/gthomas/tmp/"
l o cov_filter:

2' Copy the temp ate ° generate _trackhub:

trackhub_email: ""

mark_duplicates: True

sort_reads:

cp snpArcher/config/config.yaml configs/.

3. Edit the relevant parts of the copied

\_ /




Running snpArcher
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| NP
Running snpArcher 3!\1 : ¢

From your project folder and with your Snakemake environment
activated, snpArcher can be run with a single command:

( R

snakemake -p -s snpArcher/workflow/Snakefile --cores 8 --use-conda --workflow-profile \
snpArcher/profiles/default/ --dryrun

\_ v,




| NP
Running snpArcher 3!\1 : ¢

From your project folder and with your Snakemake environment
activated, snpArcher can be run with a single command:

é R

snakemake -p -s snpArcher/workflow/Snakefile --cores 8 --use-conda --workflow-profile \
snpArcher/profiles/default/ --dryrun

. J

Automatically finds your

config file in
configs/config.yaml




. NP
Running snpArcher ""cN :

From your project folder and with your Snakemake environment
activated, snpArcher can be run with a single command:

é )

snakemake -p -s snpArcher/workflow/Snakefile --cores 8 --use-conda --workflow-profile \
snpArcher/profiles/default/ --dryrun

. J




| NP
Running snpArcher 3!\1 :

From your project folder and with your Snakemake environment
activated, snpArcher can be run with a single command:

é )

snakemake -p -s snpArcher/workflow/Snakefile --cores 8 --use-conda --workflow-profile \
snpArcher/profiles/default/ --dryrun

. v,

This didn’t actually run
anything!

Always do a --dryrun
first!




Running snpArcher SCN@

When actually running jobs, you will need to ensure that the main
snakemake process is persistent even if you disconnect from the
server.,

1. Submit the snakemake command itself as a SLURM job
2. Usenohup

3. Use aterminal multiplexer (e.g. screen or tmux)



Running snpArcher SCN@

When actually running jobs, you will need to ensure that the main
snakemake process is persistent even if you disconnect from the
server.,

3. Use aterminal multiplexer (e.g. screen or tmux)



| NP
Running snpArcher 3!\1 : ¢

When your dryrun completes without errors, you have a persistent
connection, and you are ready to start submitting jobs:

( R

snakemake -p -s snpArcher/workflow/Snakefile --cores 8 --use-conda --workflow-profile \
snpArcher/profiles/default/

\_ v,




| NP
Running snpArcher 3!\1 : ¢

Test data is provided if you’d like to quickly ensure everything works
before you run your own data:

snakemake -d .test/ecoli --cores 1 --use-conda --dryrun




| NP
Running snpArcher 3!\1 : ¢

Test data is provided if you’d like to quickly ensure everything works
before you run your own data:

snakemake -d .test/ecoli --cores 1 --use-conda --dryrun

. I )

Remember the --dryrun
option! Remove it if you

want to actually run the
pipeline on the test data




snpArcher output and modules
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snpArcher has a range of other modules

MacDonald-Kreitman
Tests

Trackhub

GATK . . . .
HaplotypeCaller GenomicsDBImport VariantFiltration

GATK
bwa index ScatterintervalsByNs
7N
N
GATK GATK

sambamba vcftools

fastp dedup concat Post-processing
N
Y bw}n/-lem User developed
modules
% sentieon GATK C}
N haplotyper 3 GenotypeGVCFs

O

O & L)

sentieon sentieon sentieon

bwa mem dedup GVCFtyper
s Core workflow O I é

Optional Sentieon workflow samtools
5 A flagstat
Alignment summary statistics
s Analysis modules

Quality Control




snpArcher has a range of other modules

GATK
bwa index ScatterintervalsByNs
7N
N

sambamba

GATK
HaplotypeCaller

)

sentieon

s Core workflow
Optional Sentieon workflow
Alignment summary statistics
s Analysis modules

fastp dedup
'
/

O

sentieon
bwa mem dedup

N

O

samtools
flagstat

sentieon
haplotyper

O

GenomicsDBImport

N

GATK

GATK
GenotypeGVCFs

VariantFiltration

vcftools
concat

O)

sentieon
GVCFtyper

MacDonald-Kreitman
Tests
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snpArcher’s main output is a VCF file
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snpArcher’s main output is a VCF file

##Tileformat=VCFv4.2

#H#fileDate=201510602

##source=callMomva. 2

##reference=gl|251831106 |ref|NC_0129208.1| Homo sapiens mitochondrion, complete genome

#¥contig=<ID=MT, Length=16569, assemb ly=b37=>

HFHINFO=<ID=NT,Number=.,Type=5tring,Description="Alternate allele type. 5=5NP, M=MNP, I=Indel"=
H#HINFO=<ID=AC,Number=.,Type=Integer,Description="Alternate allele counts, comma delimited whenm multiple"=
##FILTER=<ID=Ffa,Description="Genotypes called from fasta file">

#H#FORMAT=<ID=GT ,Number=1,Type=5tring,Description="Genotype">

#CHROM POS ID REF ALT QUAL FILTER INFOD FORMAT HGBO@96 HGOBO97 HGOVP99 HGES109 HGRAE181l HGRO1e2 HGER183 HGEB105> HGOe81de HGRO1le7

MT 18 . T € 1ed fa VI=5;AC=3 GT ® @ @ @ @& @& @& @& ©& ©& @ © @B @ 8 © @ 2 @& e @ 0o o
MT 16 . A T 108 fa VI=5;AC=2 GT & @& @& @& @& @& o © ©» @ @ @ 6 8 86 8 0 & 06 @ e e 8o
MT 26 . C T 1ed fa VI=5;AC=3 G&GT & @ @© @ @& © @& @& ©& © @ @& @B @ B @ @ 2 @& @ @ 0o o
MT 35 . G A 1e@ fa VI=5;AC=2 G&GT @ @ @© @ @& © @& @ ©& © @ ©& B @ 8 © @ 2 @& @ @ 0o o
MT 48 . T CT 1e@ fa VI=M;AC=1 &T ® @ @& @ @& @& @& @& ©& © @ @& @8 @ & © @ 2 @& @ @ o o
MT 41 . C T 1ed fa VI=5;AC=4 GT ® @ @©& @ @& @& @& @ ©& ©& @ © @B @ B8 © 0@ 2 @& e @ o o
MT 42 . TCccccc, T 1@@ fa VI=S,I;AC=1,1 GT @ @& @& @& @& © @& @ e @ @& @6 86 8 0 0 0 @ e o @
MT 48 . T € 1ed fa VI=5;AC=1 &T ® @ © @ @& @© @& @ © ©& @ © B @ 8 © @ 2 @& e @ 0 o
MT 47 . G A 1e@ fa VI=5;AC=1 G&T @ @ @© @ @& @& @& @ ©& © @ ©& @B @ 8 © @ 2 @& o @ o o
MT 52 . TGG CAA 100 fa VT=M;AC=1 &T @ @ @& @ @& @& @& @ © ©& @ © @B @ & © @ 2 @& @ @ o o
MT 55 . TATTTT T,CATTTT,AATTTT,TTT,TTTIT 108 fa vT=I,5,5,I,I;AC=5,3,2,1,1 &T @ @& @& ®© @& @& @& @& @ @ @ @
MT 57 . T € 1@ fa VI=5;AC=3 GT @ © @& @& @ @ @& @ @2 @ e @ 8 8 86 8 9@ @& 0@ @ o o 9
MT 58 . TITT 1e@ fa VI=I;AC=4 G&GT ® @ © @ @& @& @& @& ©& ©& @ @& @B @ & © @ @2 @& @ @ o o
] g 3 3 C ; g i 0 i A A u g ¢ g % i n i 4 3 A [




Summary statistics are provided as an HTML
Page
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Summary stat

page
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About

This is an indvidual quailty control
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SNPs were discovered before any
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Trackhubs can be generated to visualize
where SNPs occur
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Trackhubs can be generated to visualize
where SNPs occur
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MK tests can be performed to test for
selection
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-log10 P-value (MK test)

MK tests can be performed to test for
selection
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MK tests can be performed to test for
selection

-log10 P-value (MK test)
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https://github.com/harvardinformatics/degenotate

A (user-developed)
module!



https://github.com/harvardinformatics/degenotate

Users can develop their own modules and
integrate them into snpArcher
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Users can develop their own modules and
integrate them into snpArcher

~\

[ Module to infer population size: https://github.com/tforest/popsize
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https://github.com/tforest/popsize

Thanks for your time!
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https://snparcher.readthedo



https://snparcher.readthedocs.io/
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