EH%

TRIZE T

BEONIME
o Bg&zshellZimRERBINGA
o TEINEEIETH
o BIEMIFE

o ERFEAMEERE
snakemakeBiE;EF N

o IEEMMANIR——LASNPITE Jo I

o BINEE

o HhB1FIE

o HMIEEMNNE
BATERMMY . FEARSS AT

snakemake® ARSI N A

o “RERBAIELL
128

At L HXTIRIE?

BER AT B TREBRNMIL LM, FHABLEEERAEE?

Hi

BAR

A—TEMpythonEhlt, SEARMIinuxiglE, FLEEMSnakemakeRIES

Snakemake#i )i

EI=3 =}
B=

(i

3

Ksl
Pz S



Sample-1  Sample-2 Sample-3

HE 4 HE
IEL KIE1 RIE1
RIE2 KIE2 BIE2

MESBRHMAFIEERFBT 7RG, BREHRT 57
o DARIEIRRTS T
o PESZHAHT

1  # kneaddata@—EILER, MPitrimmomaticH{TRIZMEREL;

2 # Fibowtie2tEXTEE, HimEIETEERFT!

3  # kneaddata -h # ZREEED

4 # MEZPBRE—KFER, (RAIUREMERFRBRIEIT, WRIRSSFMEEAFRINFHITINES

5 # parallel --citation # ¥Jwill cite\FTBIREE

6 time parallel -j 3 --xapply \

7 'kneaddata -i {1} -i {2} \

8 -o temp/qc -v -t 3 --remove-intermediate-output \

9 -—trimmomatic /conda2/share/trimmomatic-0.36-3/ -—-trimmomatic-options
"SLIDINGWINDOW:4:20 MINLEN:50" \

10 --bowtie2-options "--very-sensitive --dovetail" -db
/db/bowtie2/Homo_sapiens' \

11 ::: seq/* 1.fqg.gz ::: seq/* 2.fqg.gz

12 # real 16s, user 1m28s
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1

# Usage of the script:

# for one file:

sbatch 01 _filtering.sh readFilel.gz readFile2.gz

# or for all files:

for £ in * R1 001l.fastqg.gz;

do

sbatch ~/path/01 filtering.sh $f ${f%*R1*}R2 001. !-fastqg.gz;

done

BRARSESRINFET, RIRFGaGR<SHERE—shel X2

# 2.4.5 LEfseZR DM Hlcladogram

# BEARmAAR

sed 'l s/p[0-9]*//g' result/metaphlan2/taxonomy.tsv | grep -v '#' >
result/metaphlan2/lefse.txt

# BRI LlefseNEPIER

lefse-format_ input.py result/metaphlan2/lefse.txt temp/input.in -c 1 -o
1000000

# iBfTlefse

run_lefse.py temp/input.in temp/input.res

# LEIMMIRES

lefse-plot cladogram.py temp/input.res result/metaphlan2/lefse cladogram.pdf -
-format pdf --dpi 600

# SHIFT B EF featuresttiRE

lefse-plot_res.py temp/input.res result/metaphlan2/lefse res.pdf --format pdf

——dpi 600
# SHlE N featuresitIRE (EsTAMPHbarplot)
grep -v '-' temp/input.res | sort -k3,3n # BEEZEZEFfeatures, RFEHF

lefse-plot features.py -f one --feature name "k _Bacteria.p Firmicutes" --
format pdf \
temp/input.in temp/input.res result/metaphlan2/Firmicutes.pdf
# WELEFIBEZERfeaturestIRE
lefse-plot features.py -f diff --archive none --format pdf \

temp/input.in temp/input.res result/metaphlan2/features

SESSFEARFH1T, BSEpythonfila

#UHEZ A EMassembly .py %, LMK ERARIAR

o FRTEMRR: 1) HMKBA—MRSHN, BEFNOFTRMBENS: 2) AEMEAE, BRR;

3) BHEENR: 4) BITHEDEED; 5) ek~

e SnakemakegETS R R A 0] ?

O O O O O

BREEENIRFITESER), BEEUII—MESHNAEERFEAT T w<RA
HEHTHHITESR

BN ECLRENANTET

FIRAMSUE: NERSEDEBITAI. BEXHEETES

WD BECIZITIME



b B

o HimEL
o EERLE

python, REERLEESTES

bwa_map
sample: A
(samtools_sort) (samtools_sort)

\ N\
NS

bcftools_call

plot_quals

bwa_map
sample: B

RIGZEEIT 42

Snakemakefy T {E[RIE

TESERRZ Bl S Snakemake RFZ XXM ( . smk )RS
—LEsE AR linuxdXI5, zshell&< . pythoniBik
{fHconda (mamba) ¥ 2 =D IRE
fEAPyCharm. VS CodeXLH AR 5infEisiT
TMIZITITER AR, RSB
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HENDEFEE

) 1]\Bfh Coding

EEHIRSEBA
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FXIh
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HNNEFER

& 1)\Bf Coding

snakemake
pay)]
2023 F 08 H30H 17:32:45

BNNEFER

AR TE

o FEiF
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2 ZEDITHIR


https://stumail-my.sharepoint.cn/:f:/g/personal/19jmxie_stu_edu_cn/EqpPVruUp7NGncJtwJwXiQkBNzQxNdaKzh7L-LxEAL6WSw?e=kiespr

2.1 e E— 1 &FiERYzshell iR

o Zizshell

1  sudo apt install zsh

B AP RIshelliER

1  chsh -s /bin/zsh

2

o Z#oh-my-zsh:

1 sh -c "$(wget
https://raw.githubusercontent.com/ohmyzsh/ohmyzsh/master/tools/install.sh -0 -)"

o BENFM

1 # BHEEXH

2  vim ~/.zshrc

3 # BREBRBR

4 ZSH_THEME= "ys "
o RINBmRRIEY

1 # IETEFNEERHEEGE R

2 mv zsh-autosuggestions/ ~/.oh-my-zsh/custom/plugins/
3 # BUUaMHERE

4  vim ~/.zshrc

5

plugins=(git last-working-dir zsh-autosuggestions)

SEHzshelldp €

1 # HEEw

2

3 autoload -U zmv

4  zmv 'G([l23]A).fqg.gz' 'G-7D-$1.fg.gz'
5 zmv 'G(*).(*).gz' 'G-$1.S$2kk.gz'
6

7 # BARE

8

9  ## BRMAEEBEXMG

10 print =1 **/%(.)

11 ## BERFMARERRzERENXH

12  print -1 **/%_gz

13 ## JIHRIA—REIATRIX G

14  print -1 *(.m-1)


https://ohmyz.sh/

15 ## JIH&IE— BB IZBUIRI X4
16 print -1 *(.aM+1l)
17 ## JIHEAER NN 2k BIXH
18 print -1 *(.Lk-2)

19
20 # FRIBEE
21

22 aa="1234"

23 ## BE—

24 echo S$aa[l]
25  ## B&E—"
26 echo Saa[-1]
27  ## BXREFAD
28 echo $aa[2,3]

29
30 # FRBEHE
31

32 % strl=abc

33 % str2=def

34

35 % str2+=$stril
36 % echo S$str2

37 defabc

38

39 # FREEHR
40

41 % str=abcabc
42

43 ## RBREERE—
44 % echo ${str/bc/ef}
45 aefabc

46

47 # forfEM

48 for i (*){

49 echo $i

50 | }

51 # whilefBIf

52  while {read i} {
53 echo $i

54 } < Flavo_accession.txt

22 REIEEETH

e minicondaE A MiL: miniconda


https://docs.conda.io/en/latest/miniconda.html

# TEHRERAZIZAM

wget https://repo.anaconda.com/miniconda/Miniconda3-latest-Linux-x86 64.sh
# NINHATIXRR

chmod +x Miniconda3-latest-Linux-x86_64.sh

# BITHIA

./Miniconda3-latest-Linux-x86_64.sh

(= W © 2 B S U T \S T

e Mambaforgefygithubithiit: Mambaforge

<iBsEhRkAIconda, EEEIR, REESEME, HELZRZT!

1 # TEZRMART A

2  wget https://github.com/conda-forge/miniforge/releases/latest/download/Mambaforge-
pypy3-Linux-x86_ 64.sh

# NIIHATAR

chmod +x Mambaforge-pypy3-Linux-x86_ 64.sh

# BITHIZA

. /Mambaforge-pypy3-Linux-x86 64.sh

o U s W

2.3 SlIEFHAIE

# BIE—TERE R

mkdir snakemake-tutorial

cd snakemake-tutorial

# THHEN

curl -L https://api.github.com/repos/snakemake/snakemake-tutorial-data/tarball -o

[ 2 I S O N S

snakemake-tutorial-data.tar.gz

6 # EEMRBRE, RBEEZEEEENdatafllenvironment .yaml

7 tar --wildcards -xf snakemake-tutorial-data.tar.gz --strip 1 "*/data"
"*/environment.yaml"

8 # Dlenvironment.yaml BEMEEFEEME—1TRBF Nsnakemake-tutorialBYIIRE

9 mamba env create --name snakemake-tutorial --file environment.yaml

10 # BUEZIME

11 mamba activate snakemake-tutorial
o TRrRIFIBITRMIA, MUKkvcfREATFIEEVF X

1  mamba install -c¢ r r r-vcfR

2.4 KRFRARECE


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

2.4.1 PyCharm

BRF T ik

e PyCharm B ML iz
e Gateway B AWuL: piiz
o HIFHBRANE: 1

ZiEtsnakeCharmif(¥

Qr

> Appearance & Behavior

Keymap
> Editor

v

Version Control

v vV v v

Tools

Settings Sync

Advanced Settings

Project: python-plane
Build, Execution, Deployment

Languages & Frameworks

Settings
Plugins Marketplace Installed o] <«
Q- snaK Programming Language
Search Results (2) Sort By: Relevance v SnakeCharm

m s SnakeCharm JetBrains s.r.o. Plugin homepage »

= 4 28.2K vr4.63 2023.2.1 JetBrains s.r.o. Disable | v | 2023.21

E . . . L
‘ 2 Snakeskin Install Overview What's New Reviews Additional Info

4 1.3K ¥r 4.43 ExactlyNoSense

SnakeCharm plugin for PyCharm / IntelliJ Platform IDEs adds
IDE support for Snakemake workflows language, that is widely
used in Bioinformatics. The plugin is developed by JetBrains
Research Team, for more details see project home page.

Please report features suggestions or found bugs to project
issue tracker.

Cancel Apply

BB 251t B R AR S5 23 B R HVBRET


https://www.jetbrains.com/pycharm/
https://www.jetbrains.com/remote-development/gateway/
https://www.jetbrains.com/community/education/#students/

[ ] o Deployment

- v Connection Mappings Excluded Paths
S Wi LIES, ——
aeyr Visible only for this project
) cyr_publlc_network T 2 SETP -
| T TAESSMR
»Xim@172.16.173129:22 SSH configuration: | xjm@172.16.163.78:22 password v

4w r00t@47.92.158.145:22

» r00t@49.234.31.32:22 .
Test Connection

Root path: / ? Autodetect
Web server URL: http:// ®

Use Rsync for download/upload/sync Rsync Settings

Use Sudo to run SFTP server

¥ Advanced

Number of connections: 5
Send keep alive messages each: seconds

Encoding for client-server communication: = UTF-8

? cancel | [
an=1=tE k7

Tools Git Window Help A @ 8 A == @ 3 @

Tasks & Contexts » D.smk

2. Code With Me...

1

J Create Command-line Launcher...
ig XML Actions > Ite the number of synonymous substitutions per synon
r: Markdown Converter
de 4t Deployment > T Upload to 3 T {EiL

Start SSH Session... Upload to...

¢
o, Vagrant > Upload All Opened Files to ## L{Fik
: HTTP Client > Upload All Open Files to...

D Space % * Download from ¥ T{EiL
c

& Qodana > Download from...

. Python or Debug Console

y 'g +" Compare with Deployed Version on & T{Eih
Sync Python Requirements... .
o ; Compare with Deployed to ...
= Create setup.

d ° PPy 'S Sync with Deployed to Hi#T L{Eif...

- . Sync with Deployed to ...
N <+ Add Jupyter Connection...
g Configuration...

Google App Engine > Options...

# Open CProfile snapshot v Automatic Upload (Always)

= Browse Remote Host
t os

os import path



e LA{EHGateway HiZH{TIRIE A&

o LZEGitpodiFEft

o Welcome to JetBrains Gateway

@) JetBrains Gateway Run the IDE Remotely

Beta

’

SSH Connection JetBrains Space

All Providers

New Connection More Connect to Space More
SSH

® JetBrains Space v Install More Providers

Connect with a Link 0 Gitpod Google Cloud

Install More Install More v

O GitHub Codespaces Amazon CodeCatalyst
p—

Install More Install More

4 } Coder

)

Install More

o {FAGIitpod&® TEIFE: snakemake-tutorial GitPod workspace
o FRBECHMRSEE

@ Welcome to JetBrains Gateway

<) JetBrains Gateway Run the IDE Remotely

h .

SSH Connection JetBrains Space

All Providers

New Connection More Connect to Space More
B SSH

¥ JetBrains Space 0

Gitpod
(9 tpo Gitpod

Connect with a Link Connect to Gitpod More

v Install More Providers

‘. Google Cloud GitHub Codespaces

Install More v Install More

aws Amazon CodeCatalyst
Nl

Install More

o IMIFIDEMIARBER, RS FHREIENIER A L&A T HIFAIDE


https://gitpod.io/#https://github.com/snakemake/snakemake-tutorial-data

[2] Welcome to JetBrains Gateway

Choose IDE and Project

Successfully connected to: kkk@172.16.163.78:22 password

Select archive file: /Users/xjm/Downloads/pycharm-professional-2023.2.1.tar.gz

Installation

optic

Project directory: | /home/kkk/snakemake-tutorial

H terminal

Downloading the IDE Backend on the remote host

Back Upload IDE and Connect

2.4.2VS Code

BRI T2

e VS Code BEAMuUG: iz
EiEIniE RS 23


https://code.visualstudio.com/

Welcome

s{ Welcome X

Visual Studio Code
Editing evolved

Start

[‘i New File...

= Open...

ip Clone Git Repository...

X' Connect to...

nnect to remote development workspaces. (X 0)

Recent

snakemake-tutorial [SSH: 172.16.163.78]

Walkthroughs

VGet Started with VS Code

Discover the best customizations to make VS Code
yours.

% Get Started with Jupyter Notebooks ()

9 Learn the Fundamentals

& Boost your Productivity

@ Get Started with Python Develop...

More...

Show welcome page on startup

LRI

e snakemakeiBEE=

OB 0 os




@ o Extension: Snakemake Language — snakemake-tutorial [SSH: 172.16.163.78] ﬂ E’ ED 08

EXTENSIONS: MARKETPLACE Y O =

snakemake

P Snakemake Language
q Basic syntax, language, and snippet support for S...
W’ 5, akemake 3

Snakemake Language - DEPRECATED 4K % 4
Basic syntax, language, and snippet support for S...

qo alping
P Snakefmt D3K k5
m Linting and formatting support for snakemake files...
) tfehimann

X SSH: 172.16.163.78 ®O0A0 @O

kkk.smk Extension: Snakemake Language X ]

Snakemake Language
Snakemake ‘ D 16,522 | ok hk
Basic syntax, language, and snippet sup...

' o -

This extension is enabled globally.

DETAILS FEATURE CONTRIBUTIONS =~ CHANGELOG RUNTIME STATUS

Categories
Snakemake
Programming
Language Support
Provides basic language support for Ext )
Xtension
1 1 *
Snakemake files (Snakefile, *.smk). Resources
Feedback, suggestions, and
contributions are very welcome! Marketplace
Repository
This project has been started by Peter License
Alping, and can be considered a fork Snakemake
of this repository.
More Info
Features
Published2021-5-21,
« Syntax definitions based on 17:28:39
Python, with added Snakemake Last 2022-3-30,
released 22:44:58
keywords Last  2023-8-27,
¢ Language rules based on ° updated 13:32:25

Python Identifier snakemake . snakem
ninna lang

o SVGEED



[ NON ) Extension: Svg Preview — snakemake-tutorial [SSH: 172.16.163.78] ﬂ EI ED 08

EXTENSIONS: MARKETPLACE Y O = - Extension: Svg Preview X 00) oo

svg

Svg Preview 233

Qo) sve ' D 99K * 45 Simon Siefke | < 535276 | * kK3
‘SVG SVG Coding, Minify, Pretty, Preview All-In-One
¥ jock Preview for Svg files

ﬂ Svg Preview 535K % 5 m B
Preview for Svg files
SVG Simon Siefke Install
DETAILS  FEATURE CONTRIBUTIONS ~ CHANGELOG
SVG Previewer 132K % 4.5
svﬁ Show SVG preview to the side panel

Vitalii Mazurenko Install build | failing Categories

Other
SVG Editor 108K * 3.5 .
Visual and literal SVG editor for VSCode. SVg PI’eVIeW for
henoc Install
VSCode Extension
SVG Snippets D 32K * 5 Resources
A basic SVG snippet generator.
sidthesloth Install MarkerIace
Repository
Features License
MEm SVG Gallery DER 556 Simon Siefke
W_/W View SVG images in gallery « Live editing of svg files and
(] Yongjian Huang Install
svg's inside files
. ) More Info
SVG Icons D18K % 5 « Panning and zooming of the
<©> Snippets for popular SVG icons, including Octicon... preview (up to 32767%) Published2019-4-11,
idleberg Install 00:37:24
Commands Last 2020-2-14,
svg-fold D1 %5 released 22:01:19
Fold SVG tag - Identifier simonsiefke.svg-
e AEE Command Keybinding previen g
Svg Preview: Open
-~ SVG dev D 9K * 4.5 . X ctrl+a
P&®] SVG visual editor Preview to the Side
(4 kontrail Install
X SSH: 172.16.163.78 ®O0A0 WO &

3. snakemakef9iEEF0M
3.1 &M ¥R ——DASNPiTE 791

Set of reads
e e | E— Reference genome
I |
—
———

- -

—
= N

GATCAGCAACGTACCGCCAGATACCGGGAACATACCATACGA

|| e

Read] TTACCAGATAGG T T ke
Read?2




3.1.1 Ent#Enn

BPER

o #E—1EH mapping.smk BsnakemakeX

FERAE XM K ER AR ANt BRI E R RO S 15

1 mww
2 name: Calculate SNP

3 date: 2023-08-27

4 description: Snakemake pipeline to calculate SNP.
5 author: Jianmin Xie

6 dependencies:

7 - snakemake-minimal >=7.3
8 - jinja2

9 - matplotlib

10 - graphviz

11 - bcftools =1.15

12 - samtools =1.15

13 - bwa =0.7.17

14 - pysam =0.19

15 - pygments

16

17

18 rules:

19 - bwa_map

20

21 e

° [Rin@p<

1 bwa mem data/genome.fa data/samples/A.fastq|samtools view -Sb - > mapped reads/A.bam

rule bwa_map:
input:
"data/genome.fa",
"data/samples/A.fastq"
output:
"mapped_reads/A.bam"
shell:

"bwa mem {input} | samtools view -Sb - > {output}"

0 N o s W N

(Vo)

10 # samtool S
11 # -s Bl
12 # -b Hmdibami&z



e IRIiG1T

i

workflow/snakefile

1
2
3
4

EEMENEMNES B3N LSIERAIRE: Snakefile, snakefile, workflow/Snakefile,

# -s snakemakeRFZN{F
-n BT, RBEETIH
-p WHIFESITIL RS
snakemake -s mapping.smk -np mapped reads/A.bam

RiafT

Snakemakez= BSIBIRAINE R, REHRNITES.

1
2
3

# --cores, -c {EMcpuiz¥, EIEEGITUHIHEERX TS, FEEENTEEERZE cpu
snakemake -s mapping.smk --cores 1 -p mapped_reads/A.bam

snakemake -s mapping.smk -c 1 -p mapped reads/A.bam

Snakemake=EFiz1T FIERAIIEL :
1) HEMAXGFFNE DGR X PN E— DX EEH

2)

3)

0 N o0 ks W N

A U s W NP

FEMANXGFFNE— X EERE S —MEER
B ER

BECFLE ST

B — 1R mapping-1.smk fsnakemakeXX {4

rule bwa_map:
input:
"data/genome.fa",
"data/samples/{sample}.fastq"
output:
"mapped_reads/{sample}.bam"
shell:
"bwa mem {input} | samtools view -Sb - > {output}"
G T

# snakemakeRMRIErule EHoutputHBERIAIE FIIRAY B iR E B 12817 ILED
snakemake -s mapping-1l.smk -np mapped reads/B.bam

# HBEZ B

snakemake -s mapping-1l.smk -np mapped_ reads/A.bam mapped reads/B.bam
# or

snakemake -s mapping-1l.smk -np mapped_reads/{A,B}.bam



AJBAZ RlsnakemakeFH & Bt mapped reads/A.bam HIER, EABMNLE—FPELERT . BIIUEHF—T
RIS B ER

1 # BEFRENHEA

2  touch data/samples/A.fastq
3

4

snakemake -s mapping-1l.smk -np mapped_reads/{A,B}.bam

BAITT—ruleddbam>i#1THEF

® 7f mapping-1.smk FENENIZ TS

1 rule samtools_sort:

2 input:

3 "mapped_reads/{sample}.bam"

4 output:

5 "sorted_reads/{sample}.bam"

6 shell:

7 "samtools sort -T sorted reads/{wildcards.sample} "
8 "-0 bam {input} > {output}"

Snakemake A @ wildcards M &iflElshellfp L RAVRBECHN, ZNREGS T ERMFNEFENEML.

shell B FEIAHER Z1TAISIS, Pythonz BaifHxiERE.

1 snakemake -s mapping-1l.smk -np sorted reads/{A,B}.bam

EITF—ruledtbamX 4192 &5|

® 7f mapping-1.smk NENEMNI B

rule samtools index:
input:

"sorted reads/{sample}.bam"

"sorted_reads/{sample}.bam.bai"

1

2

3

4 output:
5

6 shell:
7

"samtools index {input}"

1 snakemake -s mapping-1l.smk -np sorted reads/{A,B}.bam.bai

RAZRI AL



1 # --dag AEHITIEEHRIE, FTENAdotiBSRTIEWE@IIAE,

2  snakemake -s mapping-l.smk --dag sorted reads/{A,B}.bam.bai | dot -Tsvg > dag.svg

bwa_map bwa_map

sample: B sample: A
sl R fSTTTEEEEES ~.
1 1 1 1
1 samtools_sort : 1 samtools_sort :
\ ’ \ ’

( samtools_index H ” samtools_index ﬂ

3.1.2 BEMFEMSEFERTIRLRZATAMNL

SnakemakelR{# T — MEIN XA
1 expand("sorted reads/{sample}.bam", sample=SAMPLES)

RIBLERIIETL "sorted_reads/{sample}.bam" , REX T —TXHFIR, HPESKFERLEFARTIE saMPLES
REERTT TR, Bl

1 ["sorted reads/A.bam", "sorted reads/B.bam"]
ZEHERAFEE S MERMGNIER. F,

1  expand("sorted reads/{sample}.{replicate}.bam", sample=SAMPLES, replicate=[0, 1])
1% sampLEs 551K [0, 1] KRB THRBEAE, FANERE:

1 ["sorted reads/A.0.bam", "sorted reads/A.l.bam", "sorted reads/B.0.bam",

"sorted reads/B.l.bam"]

EINF—TruleXXitBEMAEFEAZSNPER

® 7f mapping-1.smk FEIEINI TS



~N o OB W N

10
11
12

ﬁETJ,

SAMPLES = ["A", "B"]

rule bcftools call:
input:
fa="data/genome.fa",
bam=expand("sorted reads/{sample}.bam", sample=SAMPLES),
bai=expand("sorted reads/{sample}.bam.bai", sample=SAMPLES) # =% FEMGS
SHRERE, EREREXTEMMA LHEHNsantools index” ST
output:
"calls/all.vcf"
shell:
"becftools mpileup -f {input.fa} {input.bam} |

"bcftools call -mv - > {output}"

ERZS TR LR, EShellasLRBEIHSIAHENRAE. X BT BN LS EERR

KT, fBIE: fa=...

o WET

vefigE NN B B5iE1. BiiE2. How is the GT field in a VCF file defined?

1

snakemake -s mapping-1l.smk -np calls/all.vcf

o SRR

1

snakemake -s mapping-1l.smk --dag calls/all.vcf | dot -Tsvg > dag.svg

bwa_map bwa_map
sample: A sample: B

samtools_sort samtools_sort

samtools_index samtools_index

bcftools_call


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3137218/
https://en.wikipedia.org/wiki/Variant_Call_Format
https://bioinformatics.stackexchange.com/questions/14356/how-is-the-gt-field-in-a-vcf-file-defined

3.1.3 1317/ B pythonfil 4

BE, TERAMESEASMIE, fE88EXAE, AMTELELIHESNEIEZER, SASnakemake
AFEEMNFERRSPythonflil, (EREFXFZEBNERMAMARISIEN, AL, SnakemakefZ
HTHIAES . BATHMNZRINE] mapping-1.smk

rule plot quals:
input:
"calls/all.vcf"
output:
"plots/quals.svg"

script:

N o U W N

"scripts/plot-quals.py"”

o Bl ZpythonflaA plot-quals.py

import matplotlib
matplotlib.use("Agg")
import matplotlib.pyplot as plt

from pysam import VariantFile

quals = [record.qual for record in VariantFile(snakemake.input[0])]
plt.hist(quals)

W 00 4 o U1 & W N -

plt.savefig(snakemake.output[0])

FERARS, rule WATEREM, B input . output . BERFZE, HIFANZERE snakemake WERNEMFA,
o ET
1 snakemake -s mapping-1l.smk -np plots/quals.svg
o FERIMLML

1 snakemake -s mapping-l.smk --dag plots/quals.svg | dot -Tsvg > dag.svg



bwa_map | ! bwa_map

samtools_sort samtools_sort
samtools_index samtools_index
bcftools_call
plot_quals

7

M LTRSS HRIA N BITINERRI 7S

R RS ENK ST LA EE I

1 rule plot_gquals:

2 input:

3 "calls/all.vcf"

4 output:

5 "plots/quals.svg"

6 shell:

7 "python scripts/plot-quals-param.py -i {input} -o {output}"

o B Zpythonf & plot-quals-param.py

1 import optparse

2

3  import matplotlib

4 matplotlib.use("Agg")

5 import matplotlib.pyplot as plt
6 from pysam import VariantFile

7 def plot(options):

8 quals = [record.qual for record in VariantFile(options.input)]
9 plt.hist(quals)

10 plt.savefig(options.output)
11

12 if _name_ == '_ main_ ':



13 parser = optparse.OptionParser() ## SALFEENXNZIEEER

14 parser.add option('-i', '--input', dest='input', type='string', help='input
path')

15 parser.add_option('-o', '--output', dest='output', type='string', help='output
dir')

16 options, args = parser.parse_args()

17 plot(options)

3.1.4 [MBHRX S rule R AT

MREGLITHREEEBNXMY, SnakemakeldE X SnakefilefE— NN BiR, B, SIFHOHEREL
ERBIRERAE —TallFll, ZHANEBREERRHN BT X ERmAX Y.

® 7f mapping-1.smk RSN RS
1  rule all:

2 input:
3 "plots/quals.svg"

o HET

# NEEBEEBMXHET

2  snakemake -s mapping-1l.smk -np

=

o HHIML

=

# TREBEERRXHT

2 snakemake -s mapping-1l.smk --dag | dot -Tsvg > dag.svg



bwa_map
sample: B

bwa_map
sample: A

(samtools_sort) (samtools_sort)
(samtools inde ) (samtools_index)

beftools_call
plot_quals

1 snakemake -s mapping-l.smk --cores 2 -p

* HIa{T

o BTREMENTEMREDMEDMEE quals.svg
QUALFIEH T WALTHIBARER D, EIFNMAUREERTRAR.
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3.2 HHThEE
3.2.1 IBELETE

L ?ﬁﬁ—ﬁ\%ﬁg mapping-2.smk E’\anakemakejdfli

1 SAMPLES = ["A", "B"]

2

3  rule all:

4 input:

5 expand ( "mapped_reads/{sample}.bam", sample=SAMPLES)
6

7 rule bwa map:

8 input:

9 "data/genome.fa",

10 "data/samples/{sample}.fastq"

11 output:

12 "mapped_reads/{sample}.bam"

13 threads: 8

14 shell:

15 "bwa mem -t {threads} {input} | samtools view -Sb - > {output}"

# BRIBET84TE, BREREDE 24
snakemake -s mapping-2.smk --cores 2 -np
# ZRREH, ROWSEREHTEITMNMES, BRRNEAESDRL TIHES

snakemake -s mapping-2.smk --cores 20 -np

s w N e



AIR(EA --cores Mg BIRERARNEF, NWERMERANZD,

£/ --forceall S, AILLGEFHIMITLIFANTRBERRNIT. BUSHEREN --cores EEEEM, i
BEREREFNMIEFEEATEITARIL,

3.2.2 {EASMEREC & X4

AR TRBIEREEE Ksnakemake RIEX HAGER, REEEERETRANEE XM
o BJi— config.yaml X

yamiBENR: biiE
® config/config.yaml
1 samples:

2 A: data/samples/A.fastqg
3 B: data/samples/B.fastqg

{E24 mapping-2.smk KSR :

1 configfile: "config/config.yaml"

2

3  rule all:

4 input:

5 expand ( "mapped_reads/{sample}.bam", sample=config["samples"].keys())
6

7 def get bwa map input fastgs(wildcards):

8 return config["samples"][wildcards.sample]

9

10  rule bwa_map:

11 input:

12 "data/genome.fa",

13 get _bwa_map input fastgs

14 output:

15 "mapped_reads/{sample}.bam"

16 threads: 8

17 shell:

18 "bwa mem -t {threads} {input} | samtools view -Sb - > {output}"

3.2.3 {EHos.listdir()3IZEVE A
O ST A A S R

® config/config.yaml

1 samples_path: data/samples
2 suffix: fastqg


https://www.ruanyifeng.com/blog/2016/07/yaml.html

0 4 o U s W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

configfile: "config/config.yaml"
import os

from os import path

samples_path = config["samples path"]
# SAMPLES = [i.replace(".fastq","") for i in os.listdir(samples_path)]
SAMPLES = [".".Jjoin(i.split(".")[0:-1]) for i in os.listdir(samples_path) ]

def get bwa map input fastgs(wildcards):
fg path = path.join(samples_path,f"{wildcards.sample}.{config[ 'suffix']}")
return fg_path

rule all:
input:

expand ( "mapped_reads/{sample}.bam", sample=SAMPLES)

rule bwa map:
input:
"data/genome.fa",

get_bwa_map_ input fastgs

output:
"mapped_reads/{sample}.bam"

threads: 8

shell:

"bwa mem -t {threads} {input} | samtools view -Sb - > {output}"

3.2.4 rule F%Y

o ruleEMHY input . output . params FEEATUEAN—TRAHEZEBRE, RESHRZEEESE!

def get bwa map input fastgs(wildcards):

return config["samples"][wildcards.sample]

rule bwa map:
input:
"data/genome.fa",

get _bwa _map_ input fastgs

output:
"mapped_reads/{sample}.bam"

threads: 8

shell:

"bwa mem -t {threads} {input} | samtools view -Sb - > {output}"

# ZAFTE

rule bwa_map:



16
17
18
19
20
21
22
23

input:
"data/genome.fa",

lambda wildcards: config["samples"][wildcards.sample]

output:
"mapped_reads/{sample}.bam"

threads: 8

shell:

"bwa mem -t {threads} {input} | samtools view -Sb - > {output}"

3.2.5 rule &%}

ahy,

shellas @ MY BN L X H AR —EFFSSEAN. 1538, RFEFELNBERE, FRFEIRER

2%, Mk, Snakemake R iFEMparamsiEL AINE X EESE,

e {Z4 read group header line

0 N o U W N

L = T = T S S o S S Sy =
0 N o U W NN kB O LV

import os

SAMPLES = [i.replace(".fastqg","") for i in os.listdir("data/samples")]

rule all:
input:

expand ( "mapped_reads/{sample}.bam", sample=SAMPLES)

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

"mapped_reads/{sample}.bam"

params:
rg=r"@RG\tID: {sample}\tSM: {sample}"
threads: 8
shell:
"bwa mem -R '{params.rg}' -t {threads} {input} | samtools view -Sb - >
{output}"

=T bwa mem -R '{params.rg}' -t {threads} {input} X—HEHISAMIHELEFIEINER

@so SN:I LN:230218
QRG ID:A SM:A
QPG ID:bwa PN:bwa VN:0.7.17-r1188 CL:bwa mem -R @RG\tID:A\tSM:A -t 8

data/genome.fa data/samples/A.fastqg

BREZIFZ S8, input ] output R #F—PwildcardsS#k

® config/config.yaml



samples path: data/samples

suffix: fastqg

configfile: "config/config.yaml"
import os

from os import path

samples path = config["samples path"]
SAMPLES = [".".Jjoin(i.split(".")[0:-1]) for i in os.listdir(samples path) ]

def get bwa map input fastgs(wildcards):
fqg path = path.join(samples_path,f"{wildcards.sample}.{config[ 'suffix']}")
return fq path

def test(wildcards, input, output, threads, resources):
print(input, output, threads, resources)
return fr"@RG\tID:{wildcards.sample}\tSM:{wildcards.sample}"

rule all:
input:
expand ( "mapped_reads/{sample}.bam", sample=SAMPLES)
rule bwa_map:
input:
"data/genome.fa",

get bwa map input fastgs

output:
"mapped reads/{sample}.bam"
params:
rg = test
threads: 8
shell:
"bwa mem -R '{params.rg}' -t {threads} {input} | samtools view -Sb - >
{output}"
# HHAT

data/genome.fa data/samples/A.fastq mapped reads/A.bam 8 8 1 /tmp
data/genome.fa data/samples/B.fastq mapped reads/B.bam 8 8 1 /tmp

3.2.6 BE

import os

SAMPLES = [i.replace(".fastqg","") for i in os.listdir("data/samples")]

rule all:



5 input:

6 expand ( "mapped_reads/{sample}.bam", sample=SAMPLES)
7

8 rule bwa map:

9 input:

10 "data/genome.fa",

11 "data/samples/{sample}.fastq"

12 output:

13 "mapped_reads/{sample}.bam"

14 params:

15 rg=r"@RG\tID: {sample}\tSM: {sample}"

16 log:

17 "logs/bwa_mem/{sample}.log"

18 threads: 8

19 shell:
20 "(bwa mem -R '{params.rg}' -t {threads} {input} | "
21 "samtools view -Sb - > {output}) 2> {log}"

2> IR EEE
3.2.7 triciaB S AR P {4

EHENMNIERER, BNABSTHERCIEATBAMX M, BN bwa_map Fl samtools sort AYHIH . HEA]
DIMEIHIEN, EERBIEBEIEERAR. AL, £RNBAMXEHEERENHETE, FEHENNEIREE—
LeRtE), T PRWETE, BAIDUSRE SN RGN XE., —BFESEETERNMANEREEIE S
17, SnakemakeXEMIBRARICHIS 4,

Bidread mappingflHiFRIZBAMX 4B —It Bl AS RN TE, FEIRIPRENBAMN 422 EIMIFREE
HERVEN.

1  import os

2 SAMPLES = [i.replace(".fastg","") for i in os.listdir("data/samples")]
3

4  rule all:

5 input:

6 expand("sorted_reads/{sample}.bam", sample=SAMPLES)
7 rule bwa map:

8 input:

9 "data/genome.fa",

10 "data/samples/{sample}.fastq"

11 output:

12 temp ( "mapped reads/{sample}.bam")

13 params:

14 rg=r"@RG\tID:{sample}\tSM: {sample}"

15 log:

16 "logs/bwa_mem/{sample}.log"

17 threads: 8

18 shell:

19 "(bwa mem -R '{params.rg}' -t {threads} {input} | "



20 "samtools view -Sb - > {output}) 2> {log}"
21

22 rule samtools_sort:

23 input:

24 "mapped_reads/{sample}.bam"

25 output:

26 protected("sorted reads/{sample}.bam")
27 shell:

28 "samtools sort -T sorted reads/{wildcards.sample} "
29 "-0 bam {input} > {output}"

1 $ 11 sorted reads/

2 # RBEBENR

3  total 4.2M

4 -r—-r--r-- 1 kkk kkk 2.1M 8F 27 22:11 B.bam

5 -r--r--r-- 1 kkk kkk 2.1M 8F 27 22:11 C.bam

6

3.2.8 (FHZ BT =rules

1 import os

2 SAMPLES = [i.replace(".fastg","") for i in os.listdir("data/samples")]
3

4  rule all:

3 input:

6 expand("sorted_reads/{sample}.bam", sample=SAMPLES)
7 rule bwa map:

8 input:

9 "data/genome.fa",

10 "data/samples/{sample}.fastq"

11 output:

12 temp ( "mapped reads/{sample}.bam")

13 params:

14 rg=r"@RG\tID:{sample}\tSM: {sample}"

15 log:

16 "logs/bwa_mem/{sample}.log"

17 threads: 8

18 shell:

19 "(bwa mem -R '{params.rg}' -t {threads} {input} | "
20 "samtools view -Sb - > {output}) 2> {log}"
21

22 rule samtools_sort:

23 input:

24 rules.bwa map.output

25 output:

26 protected("sorted reads/{sample}.bam")
27 shell:

28 "samtools sort -T sorted reads/{wildcards.sample}



29 "-0 bam {input} > {output}"

3.2.9 Ei#&iz1Tpython{{i3

import matplotlib
matplotlib.use("Agg")
import matplotlib.pyplot as plt

from pysam import VariantFile

SAMPLES = [uAu, "B", ncvv]

0 N o U1 W N

9 rule all:

10 input:

11 "plots/quals.svg"
12

13

14  rule bwa _map:

15 input:

16 "data/genome.fa",

17 "data/samples/{sample}.fastqg"

18 output:

19 "mapped_reads/{sample}.bam"

20 shell:

21 "bwa mem {input}|samtools view -Sb - > {output}"
22

23  rule samtools_sort:

24 input:

25 "mapped_reads/{sample}.bam"

26 output:

27 "sorted reads/{sample}.bam"

28 shell:

29 "samtools sort -T sorted reads/{wildcards.sample} "
30 "-0 bam {input} > {output}"

31

32 rule samtools_ index:

33 input:

34 "sorted_reads/{sample}.bam"

35 output:

36 "sorted reads/{sample}.bam.bai"

37 shell:

38 "samtools index {input}"

39

40 rule bcftools call:

41 input:

42 fa="data/genome.fa",

43 bam=expand("sorted reads/{sample}.bam", sample=SAMPLES),
44 bai=expand("sorted reads/{sample}.bam.bai", sample=SAMPLES) # =% FEHMWS

SRR, EREEEZXTEMMA LHNsantools_indexZ =T



45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

° &

00 N o U W N

NN NN NNNDNNRRR R RB B R B R R
O 0 N O U i W N B © VW 0 J o6 U & W N B O VO

output:
"calls/all.vcf"
shell:
"beftools mpileup -f {input.fa} {input.bam} |

"bcftools call -mv - > {output}"

rule plot quals:

input:
"calls/all.vcf",
output:
"plots/quals.svg"
params:
kkk=90
run:
quals = [record.qual for record in VariantFile(input[0]) ]
plt.hist(quals)

plt.savefig(output[0])

P hishell()%6 b 45 RAYTT

SAMPLES = ["A", "B", "C"]

rule all:
input:

"calls/quals.txt"

rule bwa_map:
input:
"data/genome.fa",
"data/samples/{sample}.fastq"
output:
"mapped_reads/{sample}.bam"
shell:

"bwa mem {input}|samtools view -Sb - > {output}"

rule samtools_sort:
input:
"mapped_reads/{sample}.bam"
output:
"sorted_reads/{sample}.bam"
shell:
"samtools sort -T sorted reads/{wildcards.sample}

"-0 bam {input} > {output}"

rule samtools_ index:



30 input:

31 "sorted _reads/{sample}.bam"

32 output:

33 "sorted_reads/{sample}.bam.bai"

34 shell:

85 "samtools index {input}"

36

37 rule bcftools call:

38 input:

39 fa="data/genome.fa",

40 bam=expand("sorted reads/{sample}.bam", sample=SAMPLES),

41 bai=expand("sorted reads/{sample}.bam.bai", sample=SAMPLES) # =% FEMGS
SHEERE, BEREREXTBiniA\ LHMsantools indexZ ST

42 output:

43 "calls/all.vct"

44 shell:

45 "becftools mpileup -f {input.fa} {input.bam} | "

46 "bcftools call -mv - > {output}"”

47

48 rule plot_quals:

49 input:

50 "calls/all.vcf",

51 output:

52 "calls/quals.txt"

53

54 run:

515 quals_list = []

56 for line in shell(f'grep -v "#" {input[0]}', iterable=True):
57 split_res = line.split("\t")
58 print(split_res)

59 qual = split res[5]

60 quals list.append(qual)

61 with open(output[0], "w") as f:

62 f.write("\n".join(quals list))
63

64

65

3.2.10 BITRFRIETTRIEIE . AINEE RN

import os

SAMPLES = [i.replace(".fastqg","") for i in os.listdir("data/samples")]

onstart:

print(">>>>>The pipeline has been initiated!")

onsuccess:

print(">>>>>Your pipeline has been completed successfully!")

O 00 ~J o U1 & W N =



10 onerror:

11 print(">>>>>Your process has encountered an error!")
12

13

14  rule all:

15 input:

16 expand("sorted_reads/{sample}.bam", sample=SAMPLES)
17 rule bwa_map:

18 input:

19 "data/genome.fa",

20 "data/samples/{sample}.fastq"

21 output:

22 "mapped_reads/{sample}.bam"

23 params:

24 rg=r"@RG\tID: {sample}\tSM: {sample}"

25 log:

26 "logs/bwa_mem/{sample}.log"

27 threads: 8

28 shell:

29 "(bwa mem -R '{params.rg}' -t {threads} {input} | "
30 "samtools view -Sb - > {output}) 2> {log}"

31

32 rule samtools_sort:

33 input:

34 rules.bwa map.output

35 output:

36 "sorted reads/{sample}.bam"

37 shell:

38 "samtools sort -T sorted reads/{wildcards.sample} "
39 "-0 bam {input} > {output}"

40

41

3.3 AR5
3.3.1 ESETRSSHNE

o« B BE
benchnark ROBE—NFHESH, ATREFMEENTAROIARE, SHHXELY, BETUDS
ERE (DASHEXEPOBRGER) . SMAUSEOELATE, SnakemakeR MBI
BE (UMBRSMD) , HIAHEFSROBDGRERE S, TUEESREENE, NTRNEERNT
. BRI PRI R, I

F8 repeat ("benchmarks/{sample}.bwa.benchmark.txt", 3) }§RSnakemakeiz{TiZfEW="x, EENEL
REERNHIRTT D ROEENR XA RELTEI,

2]
P4

1 import os


https://snakemake.readthedocs.io/en/stable/snakefiles/rules.html#benchmark-rules

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

SAMPLES = [i.replace(".fastqg","") for i in os.listdir("data/samples")]

rule all:
input:
expand("sorted_reads/{sample}.bam", sample=SAMPLES)
rule bwa_map:
input:
"data/genome.fa",
"data/samples/{sample}.fastq"
output:
temp ( "mapped reads/{sample}.bam")
params:
rg=r"@RG\tID: {sample}\tSM: {sample}"
log:
"logs/bwa_mem/{sample}.log"
benchmark:
"benchmarks/{sample}.bwa.benchmark.txt"
threads: 8
shell:
"(bwa mem -R '{params.rg}' -t {threads} {input} | "
"samtools view -Sb - > {output}) 2> {log}"

rule samtools sort:
input:
rules.bwa map.output
output:
"sorted_reads/{sample}.bam"
shell:
"samtools sort -T sorted reads/{wildcards.sample}

"-0 bam {input} > {output}"

o MELER

1
2

S h:m:s max _rss max_Vvms max_uss max_pss io_in io out mean load

0.3070 0:00:00 17.91 693.95 9.62 10.66 0.00 0.00 0.00

3.3.2 £ ETIREG
EEHTERRSERG, BSPESHNEEMES (FINETRAIHSE) BErEolRT2hEmIEY.,

FUHER B MFREEZNILIEE RAR snakemake B R AITTEIEFIRENA

R BEERME

o EEEHEIAREMNIRS

snakemake -s mapping-2.smk --report report.html

BEEX N EER B HRE

cpu_time
0.39

I3



1 snakemake -s thread.smk sorted reads/A.bam --report report.html

3.3.3 #ER L EIE——include
AN EARRIEFS|BE—MNS M, B—1Snakefile R EFRE NSO SR LEISXEH:

® config/config module.yaml

1 samples:

2 A: data/samples/A.fastq
3 B: data/samples/B.fastq
4

5

ref_genome: data/genome.fa

bwa_map module.smk

rule bwa_map:
input:
config[ "ref genome"],

lambda wildcards: config["samples"][wildcards.sample]

temp ( "mapped_reads/{sample}.bam")

1

2

3

4

5 output:
6

7 params:
8

rg=r"@RG\tID: {sample}\tSM: {sample}"

9 log:

10 "logs/bwa _mem/{sample}.log"

11 threads: 8

12 shell:

13 "(bwa mem -R '{params.rg}' -t {threads} {input} | "
14 "samtools view -Sb - > {output}) 2> {log}"

® main-1.smk

1 configfile: "config/config module.yaml"

2  include: "bwa map module.smk"

3  rule all:

4 input:

5 expand("sorted_reads/{sample}.bam", sample=config["samples"].keys())
6

7 rule samtools_sort:

8 input:

9 rules.bwa_map.output

10 output:

11 "sorted_reads/{sample}.bam"

12 shell:

13 "samtools sort -T sorted reads/{wildcards.sample} "



14 "-0 bam {input} > {output}"

® main-2.smk

1 configfile: "config/config module.yaml"

2 include: "bwa map module.smk"

3 rule all:

4 input:

5 expand("sorted reads/{sample}.bam", sample=config["samples"].keys())
6

7 rule samtools_sort:

8 input:

9 rules.bwa map.output

10 output:

11 "sorted_reads/{sample}.sam"

12 shell:

13 "samtools view -S {input} > {output}"

3.3.4 ER L RIE——module

FISAERDrule, #AEEABEXWNEERES, FAINERABAK. BREADTHBIEXNNEFFFIHTRIE, AT
IEFUEMN EBIRF R — D smk X —MER

o BEAXHY: HiE

® config/config module.yaml

samples:
A: data/samples/A.fastq
B: data/samples/B.fastqg

U s W N =

ref genome: data/genome.fa

® multi module.smk

1 rule bwa_map:

2 input:

3 config["ref genome"],

4 lambda wildcards: config["samples"][wildcards.sample]
5 output:

6 temp ( "mapped reads/{sample}.bam")

7 params:

8 rg=r"@RG\tID: {sample}\tSM: {sample}"

9 log:

10 "logs/bwa_mem/{sample}.log"

11 threads: 8

12 shell:

13 "(bwa mem -R '{params.rg}' -t {threads} {input} | "

14 "samtools view -Sb - > {output}) 2> {log}"


https://snakemake.readthedocs.io/en/stable/snakefiles/modularization.html#modules

15
16

17 rule samtools_index:

18 input:

19 "sorted_reads/{sample}.bam"

20 output:

21 "sorted_reads/{sample}.bam.bai"
22 shell:

23 "samtools index {input}"

® main-1.smk

dﬁm&kﬁmﬁnTmeﬁ%ﬁ%MEﬁK#ﬂw

1 configfile: "config/config module.yaml"
2  main_config = {

3 "samples" :{

4 "A":"data/samples/A.fastq",
5 "B":"data/samples/B.fastq"
6 Y

7 "ref genome":"data/genome.fa"

8

9}

10 module bwa:

11 snakefile: "multi module.smk"
12 config: main config

13

14

15 use rule * from bwa as my_ *
16
17 rule all:

18 input:

19 expand("sorted_reads/{sample}.bam.bai", sample=config["samples"].keys())
20 default_ target: True

21

22

23 rule samtools_sort:

24 input:

25 rules.my bwa map.output

26 output:

27 "sorted_reads/{sample}.bam"

28 shell:

29 "samtools sort -T sorted reads/{wildcards.sample} "
30 "-0 bam {input} > {output}"

31

32

38



® main-2.smk

default target: True REREIAB RSN

1 configfile: "config/config module.yaml"
2  main_config = {

3 "samples":{

4 "A":"data/samples/A.fastq",

5 "B":"data/samples/B.fastq"

6 T

7 "ref genome":"data/genome.fa"

8

91}

10 module bwa:

11 snakefile: "multi module.smk"

12 config: main config

13

14

15 use rule bwa map from bwa as my bwa map
16

17 rule all:

18 input:

19 expand("sorted_reads/{sample}.bam", sample=config["samples"].keys())
20 default target: True
21
22
23  rule samtools sort:

24 input:

25 rules.my bwa map.output

26 output:

27 "sorted reads/{sample}.bam"

28 shell:

29 "samtools sort -T sorted reads/{wildcards.sample} "
30 "-0 bam {input} > {output}"”

31

o [EIRIM A —— A EE W

AMERAAEMN, ATUSNEERN, EERIMEERENZAMERITERN, BERLN with: FIR—7!
HEBZNTENR, WERFIME—RSANZERNT, AEESEMUREHBERTMUEIFA.



1 from snakemake.utils import min version

2 min version("6.0")

3

4  module other workflow:

5 # here, plain paths, URLs and the special markers for code hosting providers
(see below) are possible.

6 snakefile: "other workflow/Snakefile"

7 config: config["other-workflow"]

8

9 use rule * from other workflow as other_*

10

11 use rule some_task from other workflow as other some_task with:
12 output:

13 "results/some-result.txt"

3.3.5 (ERMILIETIMEH B hab B R

NTRETEAEENBIEDN, NEBIITETTRACRMEERNSHRETBN. ERNKRETAEMED
WIIER . EAZBIED, BELERTWNEAERCondan BN TIEREIEE— T RENRETE, Bid
Snakemake, EAIAE#H—E, AHENHNIEECondatMiE, X, BEZ A LUERPROIFIRA (B0
Python 25Python 3%&{#EM) .

® envs/samtools.yaml

1 channels:

2 - bioconda

3 - conda-forge

4 dependencies:

5 - samtools =1.9

® individual env.smk
1 import os
2 SAMPLES = [i.replace(".fastg","") for i in os.listdir("data/samples")]
3
4  rule all:
5 input:
6 expand("sorted_reads/{sample}.bam", sample=SAMPLES)
7 rule bwa map:
8 input:
9 "data/genome.fa",
10 "data/samples/{sample}.fastq"
11 output:
12 temp ( "mapped reads/{sample}.bam")
13 params:

14 rg=r"@RG\tID:{sample}\tSM: {sample}"



15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

log:
"logs/bwa_mem/{sample}.log"
benchmark:
"benchmarks/{sample}.bwa.benchmark.txt"
threads: 8
shell:
"(bwa mem -R '{params.rg}' -t {threads} {input} | "
"samtools view -Sb - > {output}) 2> {log}"

rule samtools_sort:
input:
rules.bwa_map.output
output:
"sorted_reads/{sample}.bam"
conda:
"envs/samtools.yaml"
shell:
"samtools sort -T sorted reads/{wildcards.sample}

"-0 bam {input} > {output}"

B1T

ERERLNT 2RI BEISIZAMBNIMEHAEEN]. REIBREAMEEXPFEDEERHEBHNEEREMR
K, REMBXRBTMNIEERMRER MR, BE, THEREXEICR T AAEERNRMEMNRA, HR, AINE
WEARZLEIHPITIER (TREEINR) , MAFELERRSnakemakeFIMinicondaZ SMUEAIFTRF M.

LERWREETT

1

snakemake -s individual_ env.smk --cores 20 --use-conda -p

RLRIMERIEBIT

1

snakemake -s individual env.smk --cores 20 --use-conda --conda-create-envs-only

IMBERTFIE: .snakemake/conda/e8e8320a738e03d461lacaell4c742be

$ snakemake -s individual env.smk -np -c 20 --list-conda-envs

Building DAG of jobs...

environment container location

envs/samtools.yaml .snakemake/conda/e8e8320a738e03d461lacael04c742bc_

{EFABE A condaifiE



BitfR, M—TELFENGRNcondatMER5| BAMNATERSE, MABMETFHIREX —THMNHE. RS2
RAESTMAEE Y, FAHTERERBTIIFREERETRT IEREN AR LATEHEANARFE. BX
MIERT, ROFFHLIEXT R, Fit, FE#EANERMEE X XN EREEHFTEILN,

1  import os

2 SAMPLES = [i.replace(".fastqg","") for i in os.listdir("data/samples")]
3

4  rule all:

5 input:

6 expand("sorted_reads/{sample}.bam", sample=SAMPLES)
7 rule bwa_map:

8 input:

9 "data/genome.fa",

10 "data/samples/{sample}.fastq"

11 output:

12 temp ( "mapped_reads/{sample}.bam")

13 params:

14 rg=r"@RG\tID: {sample}\tSM: {sample}"

15 log:

16 "logs/bwa_mem/{sample}.log"

17 benchmark:

18 "benchmarks/{sample}.bwa.benchmark.txt"

19 threads: 8
20 shell:
21 "(bwa mem -R '{params.rg}' -t {threads} {input} | "
22 "samtools view -Sb - > {output}) 2> {log}"
23

24  rule samtools sort:

25 input:
26 rules.bwa_map.output
27 output:
28 "sorted _reads/{sample}.bam"
29 conda:
30 "samtools_env"
31 shell:
32 "samtools sort -T sorted reads/{wildcards.sample} -O bam {input} >
{output}"
3.3.6 EHECTFRR

FAE T pythonf9 IE MR IAZ
o TIEHEAR, RIBITBHICHA
1  import os

2 SAMPLES = [i.replace(".fastqg","") for i in os.listdir("data/samples")]
3



4  rule all:

3 input:

6 expand("sorted reads/{sample}.bam", sample=SAMPLES)
7 rule bwa map:

8 input:

9 "data/genome.fa",

10 "data/samples/{sample}.fastq"

11 output:

12 temp ( "mapped reads/{sample}.bam")

13 params:

14 rg=r"@RG\tID: {sample}\tSM: {sample}"

15 log:

16 "logs/bwa_mem/{sample}.log"

17 benchmark:

18 "benchmarks/{sample}.bwa.benchmark.txt"

19 threads: 8

20 shell:

21 "(bwa mem -R '{params.rg}' -t {threads} {input} | "
22 "samtools view -Sb - > {output}) 2> {log}"

23

24  rule samtools_sort:

25 input:

26 rules.bwa map.output

27 output:

28 "sorted_reads/{sample,[BC]}.bam"

29 shell:

30 "samtools sort -T sorted reads/{wildcards.sample} -O bam {input} >
{output}"

o FRIRIXX
ERUFEBIESE T ENRANNTE, NEERNFOEIXGRNERED . ZRBLHXH {sanple}.

{group}.txt, FHERIZEMRXMHRE A.1.normal.txt , 2:7%% dataset="A.1" ] group="normal" &
f2 dataset="Aa" ] group="1.normal" = 1EMBINDHE., EiX @Y {sample, [A-Z]+}.{group}.txt AR
IR IBECRTRRIR T XN a)RE,

o EEHMNXHF wildcard constraints B

rule complex conversion:
input:
"{dataset}/inputfile”
output:
"{dataset}/file. {group}.txt"
wildcard_constraints:
dataset="\d+"
shell:

"somecommand --group {wildcards.group} < {input} > {output}"

OW 00 3 o U & W N -



RERFTIAE SGER TR AN 2 B BEC AT LORR M

wildcard_constraints:
dataset="\d+"

rule a:

3.3.7 {TENR BT E &Y
o THY: HiE

10
11

12
13
14
15
16

17

18

19

20

$ snakemake -s mapping-2.smk --lint
Lints for rule bwa map (line 14, /home/kkk/snakemake-tutorial/mapping-2.smk):
* Specify a conda environment or container for each rule.:
This way, the used software for each specific step is documented, and the
workflow can be executed on any machine without prerequisites.

Also see:

https://snakemake.readthedocs.io/en/latest/snakefiles/deployment.html#integrated-

package-management

https://snakemake.readthedocs.io/en/latest/snakefiles/deployment.html#running-jobs-

in-containers

Lints for rule samtools sort (line 57, /home/kkk/snakemake-tutorial/mapping-2.smk):
* No log directive defined:
Without a log directive, all output will be printed to the terminal. In
distributed environments, this means that errors are harder to discover. In local
environments, output of concurrent jobs will be mixed and become unreadable.
Also see:
https://snakemake.readthedocs.io/en/stable/snakefiles/rules.html#log-files
* Specify a conda environment or container for each rule.:
This way, the used software for each specific step is documented, and the
workflow can be executed on any machine without prerequisites.

Also see:

https://snakemake.readthedocs.io/en/latest/snakefiles/deployment.html#integrated-

package-management

https://snakemake.readthedocs.io/en/latest/snakefiles/deployment.html#running-jobs-

in-containers


https://snakemake.readthedocs.io/en/stable/snakefiles/best_practices.html

3.3.8 TEARSSER5REF LiB1T

e EANXHY: Cluster execution

34

EAREERM T8

3.4.1 EHESENX

SRS LTS EIRESH, FESMEE ({1}

AN U W N =

0 N o0 ks W N

10
11
12
13

~N o U W N

text/test.txt

A U W N

read text.smk

shell.executable('/bin/zsh")
SAMPLES = [1,2,3,4,5,6]
rule all:
input:
expand("text/{sample}.txt",sample=SAMPLES)

rule read text:
input:
"text/test.txt"
output:
"text/{sample}.txt"
shell:
"while {{read i}} {{echo $i > {output}}} < {input}"

rule pre_gff:
input:

prokka output dir + "/{sample}/{sample}.gff"

output:
gff output dir + "/{sample}.gff"
shell:
"grep '\CDS\s' {input} | awk -F '[\t;=]' 'BEGIN{{OFS=\"\t\"}} {{print

$1,$10,$4,$5}}' > {output}"


https://snakemake.readthedocs.io/en/stable/tutorial/additional_features.html#cluster-execution

3.4.2 B EIAS L 1THTshell

NIRRT, Shellfds2¥4(EH bash shelli@A (FRIEL{ERIET shell.executable(...) I8E F TEELIA
shell) .

o {Efzshell
1 shell.executable('/bin/zsh') # HFEXEINES
2 rule move genome:
3 input:
4 rgp=reference_genome PATH,
5 et=WORK_PATH + "/{sample}/exclude taxa.txt" #EETAcladelIEFEHHFR
6 output:
7 directory(WORK_PATH + "/{sample}/genome")
8 shell:
9 "mkdir {output};"
10 "ln -fs {input.rgp}/**/*.(fasta|fna) {output};"
11 "while {{read i}} {{ unlink {output}/${{i}}.fasta }} < {input.et}"

3.4.3 expand RENEZRE
EA—TERTZE

=

DATASETS = ["dsl", "ds2"]
2  FORMATS = ["txt", "csv"]
expand ([ "{dataset}/a.{ext}", "{dataset}/b.{ext}"], dataset=DATASETS, ext=FORMATS)

w

ERIT

1 ["dsl/a.txt", "dsl/b.txt", "ds2/a.txt", "ds2/b.txt", "dsl/a.csv", "dsl/b.csv",

"ds2/a.csv", "ds2/b.csv"]

ERANERT, expand fEMT Python By itertools %X product , EREMRMBIBEMENREHAS. A,
BEHBABE _MIESH, PIGEERAEQASRE, W zip :

1 DATASETS = ["dsl", "ds2"]
2  FORMATS = ["txt", "csv"]

3 expand(["{dataset}/a.{ext}", "{dataset}/b.{ext}"], zip, dataset=DATASETS,
ext=FORMATS )

ERAT

1 ["dsl/a.txt", "dsl/b.txt", "ds2/a.csv", "ds2/b.csv"]

BIEFIDATE expand FEEBREMARAN, EERIFAE, Fla0:

7



1  expand("{{dataset}}/a.{ext}", ext=FORMATS)

will create strings with all values for ext but starting with the wildcard "{dataset}".
3.4.4 multiext & EX
multiext 2T expand HIEIMLIRA, RIFHNEX —ANESEY B2 AEAIH K HmN X4

rule plot:

input:

output:
multiext("some/plot", ".pdf", ".svg", ".png")
shell:

~N o Ol WP

WER5({FF expand("some/plot{ext}", ext=[".pdf", ".svg", ".png"]) EERHEREN, BERATEER
BIBE. LESh, {[FA multiext EXHWHRERES Z M T XXEOMNET LIERIZEFZNE—RA.

3.4.5 RIEAERZTE

1  rule NAME:

2 input: "path/to/inputfile", "path/to/other/inputfile"

3 output: "path/to/outputfile", "path/to/another/outputfile"
4 threads: workflow.cores * 0.75

5 shell: "somecommand --threads {threads} {input} {output}"

LEZOIIEEESnakefileFERN TIERN REBIEZ/FFIM: workflow.cores . FIMHMATIEAIEARIRIELAM
FRIRELAZER. HIA0, ELERGIP, FMTOMNERE T HLERORT75%. Snakemakelg& @ FEAITTE LAY
B (BREERITRNTERE) .

3.4.6 {EAmessagexEFHHER
HiTsnakemakelt, ZHIBEABNETGETHMNREEENHEE., TABI OMNIEEEEREBSZRHE.

1  rule NAME:
2 input: "path/to/inputfile", "path/to/other/inputfile"
3 output: "path/to/outputfile", "path/to/another/outputfile"
4 threads: 8
5 message: "Executing somecommand with {threads} threads on the following files
{input}."
6 shell: "somecommand --threads {threads} {input} {output}"
BTE, BIYTE wildcards (U0 {wildcards.sample} ), AR LATEa)E X5{ER shell G5B

I ﬁTﬁ%5E1 TEB/MFR, DIEBRNFEAEIRESRTIHE,


https://snakemake.readthedocs.io/en/stable/executing/caching.html#caching

3.4.7 BT IMERRI A (REH )

o BN HifE
o TRIEHVCIRE, AMEEENMRELENA

1  mamba install -c r r-vcfR
o fGlERN M scripts/plot-quals.R

1 library(vcfR)

2 do_plot <- function(vcf_ path, out_path) ({

3 # IEBRVCFX M

4  vcf <- read.vcfR(vcf path)

5 # REWVCFXHHHTZRER

6 df_vecf <- as.data.frame(vcf@fix)

7  Jjpeg(filename = out_path, width = 800, height = 800, quality=100, pointsize=20)
8

hist(as.numeric(df_vcf$QUAL), main="Frequency Distribution", xlab="Values")

9 dev.off()
10 1}
11

12 do_plot(snakemake@input[[1]], snakemake@output[[1]])

® &7

1 SAMPLES = ["A", "B"]

2

3  rule all:

4 input:

5 "plots/quals.jpg"

6

7

8 rule bwa_map:

9 input:

10 "data/genome.fa",

11 "data/samples/{sample}.fastq"
12 output:

13 "mapped_reads/{sample}.bam"
14 shell:

15 "bwa mem {input} | samtools view -Sb - > {output}"
16

17

18 rule samtools_sort:

19 input:
20 "mapped_reads/{sample}.bam"
21 output:
22 "sorted_reads/{sample}.bam"

23 threads: 3


https://snakemake.readthedocs.io/en/stable/snakefiles/rules.html#external-scripts

24

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

message: "Executing somecommand with {threads} threads on the following files

{input}."
shell:

"samtools sort -T sorted reads/{wildcards.sample}

"-0 bam {input} > {output}"”

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

"samtools index {input}"

rule bcftools_call:
input:

fa="data/genome.fa",

bam=expand("sorted reads/{sample}.bam", sample=SAMPLES),
bai=expand("sorted reads/{sample}.bam.bai", sample=SAMPLES)

output:
"calls/all.vcf"
shell:

"bcftools mpileup -f {input.fa} {input.bam} |

"bcftools call -mv - > {output}"

rule plot _quals:
input:
"calls/all.vct"
output:
"plots/quals.jpg"
script:

"scripts/plot-quals.R"
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o (ERJRIIAIRIAIR

rule plot quals:
input:
"calls/all.vcf"
output:

conda:
"envs/vcfR.yaml"

script:

1
2
3
4
5 "plots/quals.jpg"
6
7
8
9

"scripts/plot-quals.R
envs/vcfR.yaml

channels:

= g

- r=4.2

1
2
3 dependencies:
4
5 - r-vcfr=1.14.0

1 snakemake -s mapping-2.smk --use-conda

200 300

Values

--cores 20 -p

400



3.4.8 (ERBRERHEL

1  rule spades:

2 input:

3 rl = rules.fastp.output.rl,

4 r2 = rules.fastp.output.r2,

5 output:

6 directory(SPADES OUT PATH + "/{sample}")

7 threads: 16

8 shell:

9 "spades.py --isolate -1 {input.rl} -2 {input.r2} -t {threads} -m 48 -o

{output} &> /dev/null"

3.4.9 BB X HEEF

NHERDTEEMEIREL XM, Snakemaket@ER—FAAEAIMAXXHNXHEREE (BINER) 28
EEs SRR BB E R . A BABS A X HAMC A B ER REBELTH ., BRXEXARRER, FRLR
EE b4 X E R

1  rule NAME:

2 input:

3 ancient("path/to/inputfile")
4 output:

5 "path/to/outputfile”

6 shell:

7

"somecommand {input} {output}"

REMRE—BXf path/to/outputfile HWAER, BMERREBRTHWANXY, EBFAZBRMAENLIE. BE
B, e EReIES AR ERER THRAMC R B E I G,

LEAIREA D T WA AHERMAEEIN TR ESREFEFM, BAMAUNEX A TES
3.4.10 H{RE LSRR IE--IFE ARG S H1E

ERINERBEXHE, FTLUERSERNMIANENBRENNSESER, i, XTMATHREREXHEEIE
=, BHFENSHENsha256RINFHITIER ., WMREMLLINEE, SnakemakelFEZEBIEWAINZBIMNEILERT
AR, BRI T AR EIES 4 :

rule NAME:

output:
ensure("'test.txt", non_empty=True)

shell:

"somecommand {output}"

U s W N =

FE, WX test. txt FITICHIER ., MRB L somecommand EL—NEHH, FAEUEBIRFEARK, H
SIHRIMIE

sha256 BN PT BURIA T A U 1TEERR::



~N o O W N

my checksum = "u98a9cjsd98saud090923Bkpoasksfon32”

rule NAME:

output:
ensure("test.txt", sha256=my_ checksum)

shell:

"somecommand {output}"

N HXHRIRHR AT AR

0 N o U1 W N

PR T RELF TSRS, BRI MRMHIEER AT CEUTRANRE) . ZRBDTIRZ—

HEE

my checksum = "u98a9cjsd98saud090923Bkpoasksfon32”
rule download:
params:
taxon="{sample}"

output:

ensure( 'Miniconda3-latest-Linux-x86_ 64.sh", sha256=my checksum)

shell:

"wget -0 Miniconda3-latest-Linux-x86_ 64.sh

https://repo.anaconda.com/miniconda/Miniconda3-latest-Linux-x86 64.sh"

= MM LA BURYBECAT IS &R, AT BIZ2 — LB KAy B 1

def get checksum(wildcards):

# e.g., look up the checksum with the value of the wildcard sample

# in some dictionary

return my_ checksums[wildcards.sample]

rule NAME:
output:

ensure("test/{sample}.txt", sha256=get_checksum)

shell:

"somecommand {output}"

BEE, B LMERlambdaZFiA X AR TEAIREE N

BE, 1§ ensure IRSEMCILEERR—TEER, AIANERNEI TN N = XA HITER.

BlF: WimlFfastqUB B fastp

TS, &

BRORANE REMENfastqXEFE—EESAN, BMERBEEEFEHERE—EXHA/), BERBRINT

EjsonflhtmIsX 4, FRUATRATRERIEH L AIhtmIZE jsonXX 4 A A =FMIRIREIT AR,

U s W N

rule fastp:

input:

rl = reads_dir + "/{sample}/{sample} 1.fg.gz",
r2 = reads_dir + "/{sample}/{sample} 2.fqg.gz",

output:


https://docs.python.org/3/tutorial/controlflow.html#lambda-expressions
https://snakemake.readthedocs.io/en/stable/snakefiles/rules.html#snakefiles-retries

6 rl = FASTP_OUT PATH + "/{sample}/{sample} paired 1l.fq.gz",
7 r2 = FASTP_OUT PATH + "/{sample}/{sample} paired 2.fq.gz",
8 json = ensure(FASTP_OUT PATH + "/{sample}/{sample} fastp.Jjson",

non_empty=True), # If the command somecommand happens to generate an empty output,
the job will fail with an error listing the unexpected empty file.

9 html = ensure(FASTP_OUT PATH + "/{sample}/{sample} fastp.html",
non_empty=True), # Often, it is a good idea to combine ensure annotations with
retry definitions, e.g. for retrying upon invalid checksums or empty files.

10 log:

11 FASTP_OUT PATH + "/{sample}/{sample} fastp.log"

12 threads: 8

13 shell:

14 "fastp -i {input.rl} -I {input.r2} -o {output.rl} -0 {output.r2} "

15 "-j {output.json} -h {output.html} -w {threads} "

16 "-qg 20 " # the quality value that a base is qualified

17 "-u 10 " # how many percents of bases are allowed to be unqualified
(0~100).

18 "-n 3 " # number of N allowed

19 "-1 50 " # reads shorter than length required will be discarded,
particularly those with adapter.

20 "-5 " # enable trimming in 5' ends.

21 "-3 " # enable trimming in 3' ends.

22 "&> {log}"

3.4.11 E X T RER M MBI E 17 /R EX

Bix, MNAEEBRERK, Fla, SN TH—LEELRRN, ARSAEXMIER. T XMER, PTNE
H"EHELAZEEMNNE MEWE X —EHEN B EINRE:

BRMESFTERZIMNENIER, BMNFENDRE—REESESHG LN, SHELERTT, TE2RIMERMR
BERRTIRY

1 rule a:

2 output:

3 "test.txt"

4 retries: 3

5 shell:

6 "curl https://some.unreliable.server/test.txt > {output}"
1  my checksum = "u98a9cjsd98saud090923Bkpoasko6fon32"

2  rule a:

3 output:

4 ensure("test.txt", sha256=my_checksum)

5 retries: 3

6 shell:

7 "curl https://some.unreliable.server/test.txt > {output}"



BE, BERXDESHRIBESFERAR—TEER, FINERRRIGMH=XH L&,

IR, UAUEREXER (BT --retries <4TIEIN, S Al Options) ., MUNEIEXRBEERTE
Xo

BENR, retries IBELHATEXFAELXNITH (Blalh LA THGSRMEREY) . W TFLIBEARETENER
RS, N{EA --retries ap&{TIEIN,

3.4.12 unpack() & £

ARLERT, GrRREERAREIREGZMANMG ., JANETILENREAER BIRENFHBN XGRS
ENFHEN dict () KR, FEM unpack() REFHRZIIL,

1 rule all:

2 input:

3 "someoutput.A.txt"

4

5 def myfunc(wildcards):

6 return {'foo': f'{wildcards.sample}.txt'}
7

8 rule test:

9 input:

10 unpack (myfunc)

11 output:

12 "someoutput.{sample}.txt"

13 shell:

14 "cat {input.foo} > {output}"

EER, unpack() (NEATIRE dict FHMARE, EREHLERT 1ist, BIFICE, FRFIIR (BFEHK
BIIR) =EHRYF.

REER, MRBEMAIIRPLAEEE—T FH, MEERBHARLY, WANER unpack() . EXMIFR
T, EIDAE S MERA Python BIRES (++ ) ZBREREKRFASEH.

EER, BT Snakefile FEHATRIHARH S Python, ELER ESHINES Python JZEff ISR EETEER
A, £ unpack() BITEBERIXERS],

1  def myfuncl():

2 return [ 'foo.txt']
3

4  def myfunc2():

5 return {'foo': 'nowildcards.txt'}
6

7 rule:

8 input:

9 *myfuncl(),

10 **myfunc2 (),
11 output:

12

13 shell:


https://snakemake.readthedocs.io/en/stable/executing/cli.html#all-options
https://docs.python.org/zh-cn/3/tutorial/controlflow.html#unpacking-argument-lists

3.4.13 &%

MSnakemake 6.0 EBERATIE, FILAMICRIE X AIRMN4EE, iERQIER, AENEERNEAN, X&
W use rule BEGXEM, HEQEAFERERRBINBRRIGMN (BFZRIER) . ZRUTRA:

1 rule all:

2 input:

3 "test.out",
4 "test2.out"
5

6 rule a:

7 output:

8 "test.out"
9 shell:

10 "echo test > {output}"
11

12 use rule a as b with:
13 output:
14 "test2.out"

WM ERR, BESEEBR—TMa, AEEIMEMRUaELMUbEEFR, RELHEXHHRIGFEMABEAS
AL, Efrlk, MIEZERENEZ, XUTIMNIEIR use rule, FIBMERFNBIERIE M
(input, output, log, params, benchmark, threads, resources ) , [R7T EFRHITSE
(shell, notebook, script, cwldrun) , FTBRIERAIEMEESAHLN L%,

o wf: ERAZIRKIE, ALUEMUIEE

rule minimap2:
input:
genome=rules.flye.output,
rl = rules.fastp.output.rl,
r2 = rules.fastp.output.r2,
output:
minimap2 OUT PATH + "/{sample}/{sample} aln.bam"
threads: 10
shell:
"minimap2 -ax sr {input.genome} {input.rl} {input.r2} | samtools sort -@
{threads} -0 bam -o {output};"

O W 00 4 o U s W N

=

11 "samtools index -@ {threads} {output};"
12

13 rule pilon:

14 input:
15 genome = rules.flye.output,
16 bam = rules.minimap2.output
17 output:

18 pilon OUT PATH + "/{sample}/{sample} pilon.fasta"


https://snakemake.readthedocs.io/en/stable/snakefiles/modularization.html#snakefiles-modules

19 params:

20 prefix = "{sample} pilon",

21 outdir= pilon OUT PATH + "/{sample}",

22 pilonJar = pilon_jar

23 shell:

24 "java -Xmx16G -jar {params.pilonJar} --genome {input.genome} --frags

{input.bam} --output {params.prefix} --fix all --mindepth 10 --outdir

{params.outdir} --changes --verbose"

25

26

27 use rule minimap2 as minimap2 2 with:

28 input:

29 genome = rules.pilon.output,

30 rl= rules.fastp.output.rl,

31 r2 = rules.fastp.output.r2,

32 output:

33 minimap2 OUT_PATH + "/{sample}/{sample} aln 2.bam"

3.4.14 ¥R IR L E R B EFHE

BitfE, BEEESRBMANXAGRZRATIRN, Fa, SFiha<EEBEnRSIaESRRELtt, EXME
T, HEEZSREIRNTGIE, Snakemake AIFBIARIMN FECRBRAZEENEFE:

1 envvars:
2 "SOME_VARIABLE",
3 ”SOME_OTHER_VARIABLE"

H1THS, WRITE SOME_VARIABLE F[] SOME_OTHER VARIABLE FRENX, SnakemakemH A SIEMEIREELM,
B, ERARRBENEREHENTINE, A, FTEIENE, XHAERESnakemakefEE(IEIEUshell
LA, Bk, HTEEAERUENAENENERR, EFEBIparamsig B ENEMEER(FL, B
an:

envvars:

"SOME_VARIABLE"

rule do_something:
output:
"test.txt"
params:
x=0s.environ["SOME_ VARIABLE"]
shell:

"echo {params.x} > {output}"

O VW O N o U1 s W N

=

o fBlF


https://en.wikipedia.org/wiki/Environment_variable

1  import os

2 envvars:

3 "SHELL"

4  shell.executable(os.environ["SHELL"]) # {EFFAFEIAEshell

3415 BEEETEBR

FRrEESnakefile PRI ZE 2BXI T 1Tsnakemakedp LRI B FEREM ., AJDUEIIESnakefileisE TEB K
BEITH:

workdir: "logs"

rule all:
input:

"test.out"

rule a:
output:
"test.out"
shell:
"echo test > {output}"”

= e
= O W 00 < o U & W N -

3

i
¥

RIFRBIGSTIRETLEE R, ANLRIESERH Snakemake TERAIAI AR,

1 # --directory, -d

3.4.16 HFRIB FEH

F—— .gitignore

— README.md

— LICENSE.md

F—— workflow
F—— rules
| F—— modulel.smk
| L— module2.smk
I— envs
| F—— tooll.yaml
| B tool2.yaml

|
|
|
|
|
|
11 | F—— scripts
|
|
|
|
|
|
|

0 N o0 ks W N

12 | F—— scriptl.py

13 | L script2.R

14 F—— notebooks

15 | F—— notebookl.py.ipynb
16 | L notebook2.r.ipynb
17 F—— report

18 | F—— plotl.rst



19
20
21
22
23
24
25

U e W N P

N o U Wb

%,

1
2
3
4

L— plot2.rst

Snakefile

-

BonFIMRTE R %

sudo mv notifyMe /usr/local/bin/

sudo mv notifyMe by wechat /usr/local/bin/

BT R

# -c WRITAR

# -e {RAVHRFE

# -s RS 0 BRIN, 1 KK

# -t fnal

notifyMe -c "snakemake -s mapping-2.smk -np -c 2" -e 19jmxie@stu.edu.cn -s 0 -t

"Snakemakeizn{T"

onsuccess:
print ("Your pipeline has been completed successfully!")
shell( 'notifyMe -c "snakemake -s main.smk --cores 20 -p" -e "19jmxie@stu.edu.cn"

-s 0 -t "snakemake SNP"')

onerror:
print("Your process has encountered an error!")
shell( 'notifyMe -c "snakemake -s main.smk --cores 20 -p" -e "19jmxie@stu.edu.cn"

-s 1 -t "snakemake SNP"')

BT Bticoding MIS/IVER ARSS AN

EH AR iR EIN RS T A ARHMEE—3

$ notifyMe by wechat login

>>>>>>>>8 | T @RS HEERIN WA T A HAMEE—A
https://chiplot.online/static/mp QRCode img/5c9fb2417a0c31269clead09fb7b8884.png
FIRATE: 01:56

TEEA, SXEEESEMNITSE



19:25 2! 56 @m)

7)\Bth Coding o ®
) N
BITIRESBAN SCIXBA T &

=RERENFNARNRIE — — EBEHG

—LESEHAlinuxiXIG . zshellds
%, {#Mconda (mamba) &2
DITRIR

=REF  ERAHR

HIEHE

1 # -t theR
2 # -s RSB 0 BRIN, 1 KW

3 notifyMe by wechat notify -t snakemake -s 0

onsuccess:
print ("Your pipeline has been completed successfully!")

shell( 'notifyMe by wechat notify -t Snakemake -s 0')

onerror:

print("Your process has encountered an error!")

~N o U W N

shell( 'notifyMe by wechat notify -t snakemake -s 1')

5. snakemakeE G S1ITSHN A

--retries

EREIRE



1 snakemake -s my.smk -c --retries 4

--directory=y&-d

RETIFER

1 snakemake -s my.smk -c -d path/to/

--set-threads

Snakemake TEMBEE X T ELEMNUERNLELR., AN, BELEREXPEENKINEEEEXHN, AU
B3 {EF --set-threads ST, #Fla0:

1 # =1

2 snakemake -s my.smk --cores 4 --set-threads myrule=2

3 # BE TN

4  snakemake -s thread.smk --cores --set-threads bwa map=2 samtools sort=8 -np

--resources, --res

EXFINAER, £MF-cores (REX) , MAREE, FRKEEXNBIRNBEE, B2, -resources
mem mb = 1000 , MAFIMBEE X BRXBRFHREMRIIR, BHlaliresources: mem_mb =600, MRMEEM
THNIFEREE00T IR mem_mb', MAERREFESSHITETEN.

o BRI §iE

1 snakemake -s my.smk —resources mem mb=1000

--Set-resources

BESHNNZRERBR. XA TERZRATHAE. 532, FEIEXINRRE D XLES Il B &
REMAFENERTR. Eib, VALUELTZ— M ERHEFR &, RULELTZMNEIRIR, RESOURCELTIZ
RIRRFR,

1 snakemake -s my.smk —resources myrule:mem mb=1000

--batch


https://snakemake.readthedocs.io/en/stable/snakefiles/rules.html#resources

MR TEREERZIFU, Snakemake AJERE—LEATERIERTIRINK R (fF DAG) MELIRFBEEIGTAIE
W, BRENEERAZXHRR, DAEWXHNEFENRBREH. A THRRXEE, Snakemake AFHtE
BITARBETIER, X, RONXHREERITME, BRI UERIEHEEW DAG, BHIETT

1 $ snakemake -s thread.smk -p -c 20 --batch all=1/3
FAERRTEMN myrule W=THORPIOE—D, BERET/, 1HE1T

1 $ snakemake -s thread.smk -p -c 20 --batch all=2/3

1 $ snakemake -s thread.smk -p -c 20 --batch all=3/3

SnakemakeZFER MM myrule , EAEKNMAEMANXGEEER, Hm T IER. B4, EEFITHLIEN
MR — BRSNS LR ELERN, FITERERNPRRSEE, BNBWAELERFRARS
MEBEERP RES IR,

--profile

TEREAREXHEERTEXSELERNENEDT, BN TERERNELEEXZER (Blg
api_calls) RMARFH, REAEMERXTHERCBASNER TEZETMNBLENRZIFEX ., B2
T, 2BEEXHEAERTEIFEMERRONAE, FIAEFIANBRSERERGSHEATIBITHFRIEE,

Bign, &<
1 $ snakemake --profile myprofile

B TAPNEREEBRPHLIZE— BN myprofile FIXMHR (fELinux Lk, X1

F& SHOME/ .config/snakemake F] /etc/xdg/snakemake , EPILAIEIY snakemake --help ¥ EIBHARRHNE
) . HE, AIUEE—TENFENBRKIEEERENHFR, HKRIETE --profile SN EFEANINIANLEX
AT DAURIS AR ZT 2 SNAKEMAKE_PROFILE IR E, FIUIEIERR ~/ . bashre IRESEERIshelBRIAMEFIEE
export SNAKEMAKE PROFILE=myprofile, XEMREFILABHEE —-profile #i7i&. N T EMEEBNEE X
'%)R"FEX%/ﬁfﬁiﬁt%iﬁﬁéﬁﬁi%ﬂ’\lﬁﬂﬁﬁl#L‘Jo&ﬁ%ﬁ\@ﬁ, A] DARR (457K 1E none , BN --profile none,

BEEXHFENEE— RN config.yaml B, ZXMHFE X Snakemakefis LTS EMIEINE, ZECE XTI A
FRSnakemake@ LITREMNE METUZEZINME. ALk, &I --someoption EEE XA

7 someoption: , EEEXHRAF S SHEIXME, HIAEMASERIEEN GRS, BXnE, ES Ihttps
://github.com/snakemake-profiles/doc, MRRIMIZZZ 1S, WATNEREXHFHLAYAMLY R R 25
W, MNRIEINEALE S SEL (U0 --set-threads RULE=VALUE 3§ --set-resources

RULE : RESOURCE=VALUE ) , MA]DAAFHERRIFCNAFRFEFRLE .

1 set-threads: myrule=5

2 set-resources: myrule:mem=500MB

& BRI ENYAMLBRSY, I4n:


https://github.com/snakemake-profiles/doc

set-threads:
myrule: 5
set-resources:
myrule:
mem: 500MB

o s W N

BEREEXHIRERFHEZEIAETES LEREEEXHMATEREEXH (RAXERERERISET LIE
miEn) .

fEhttps://github.com/snakemake-profiles/docF, EAIMKEIAH BN EREEXH (FINBTFERER

%) . HI{EmiEAISnakefilefiiF workflow/snakefile i, EEEXHNKE

1£ workflow/profiles/default/config.yaml ,

--workflow-profile

KR (EXNTHaIER) BIERSTEREESXR, ATFEE&ESnakemake MERSE T L TERNSE (W&
B) . MRRNMEALLIRE, MSnakemakel§ZRINER profiles / default” (3ZLLIRFEIE T La1 B FZHENF
Snakefile# %) ., BRI EAI TERISEEE XY, BRMESHE none”, ELEREEXHFHHTIREEE
EE—MREENXHPHITINRE (BN -profile”) , BEXGRALRMEEZ—1E R config.yaml"BIX 4, L
A FUYAMLIB IR B L/TIETAERINME. HI70, “-cluster gsub"Z R “cluster: qsub"fEYAMLI {4, #iY
FRAIEREEXHRENEBERET LERNAR, AUSEMUNEREHENMBNAEFE, FEE, EXM
BRT, SOIUENRENYAMLIRSIEERE EXXHPLaH, il set-threads: myrule: 4"AA&Z"set-threads:
myrule = 4",

--dag

AT RIMETIERIE, FILMEREDT --dag , XREEIEDAGHIRTFZI, EARZEgraphvizdotiEE, FEMH
graphvizT B dot #{TRAIE. I, EAMAKERITHDAG, AIMARHIUTHSL:

1§ snakemake --dag | dot | display

B ULRFRIES, BRI s EFTFRAIE:
1 $ snakemake --dag | dot -Tpdf > dag.pdf

AT AMHEINDAG, MAZREAXMNFESS, FJLUER forceall EIN:
1§ snakemake —-forceall --dag | dot -Tpdf > dag.pdf

SR, BIEA dot IRIMEZMN G LITSE, FILMEREMBEIMNI,

--config, -C

AIEREENRHIREFBEE, TEREENRAUEANTE config ELERAEIAE, TMETRE—
JSON XH4SRISEEIME (B HEXA) .

1  snakemake --config foo=bar name=red


https://github.com/snakemake-profiles/doc

--configfile, --configfiles

EBEREBEEZ LERENEESXY (F253E) . LYSONFYAMUSRIEENERELIEREAN S BEEFHF
EH. 2IXHREEMFRILES. Fit, SRREXHFRONBEHEEEEXHY &, HEE, WIRFET
BREIFREEXREXNREXH (BELLEM) .

1 snakemake -s thread.smk -np --configfile config/config module.yaml

--keep-going, -k
MR THERNT, BEHTRIOTIE, AR MESENT, SHEL.
--rerun-triggers

AJEERYIESE: mtime. params. input. software-env. code

EXMEEWEFEITNEYS. BINERT, FERMEMARS, XRETERS TERABNREEN—HE., IR
BEERERNREZBEXHE R BN, BEFER --rerun-trigger mtime”,

ZXIME: ['mtime’, 'params', 'input', 'software-env', 'code']

SR T RERE, EXARMEEERNFIUNELNXTMLEYG, BREEE
--force, -f

SEHIHITEIRENBEREE— TN, TiERSEeIEHE.

PRIAE: False

REsaHGITRLEHMNER RS ARAERRFAIrule

1 snakemake -s mapping-2.smk -p -f plot quals -c 20

--forceall, -F
SRHIHITEME (B05E—1) MNUAKFRERIETENMN, MABEEXLCIZENH .
ZRINE: False

ReesaflITRLEHMNERASARMERFNrule, HFEMBIEMKBrule#BZKIZT, MEMSE—TruleifT
FRIEEMIX Trule

1 snakemake -s mapping-2.smk -np -F bcftools call -c 20
MMEEMNKEEEIET

1 snakemake -s mapping-2.smk -np -F -c 20



--forcerun, -R
B E TR A RIS . IRIEE R T M R B TR FEaE, ST,
ALAFEEFEA—"rule, SMIXPruletFGEMIruleizZTRIZER, IR --forceall IFIFEK

1 snakemake -s mapping-2.smk -np -c 20 -R samtools_ index

--rerun-incomplete, --ri
EFEATA AR EIRA N R rule,
ZRINE: False

--list-input-changes

FliSnakefilerRE X FMIA XA EERAUAT AL (BIa0, EMMNEXPRRNT VA ERESR T
%) .

1 snakemake --list-input-changes

2 snakemake -n --forcerun $(snakemake --list-input-changes)

--list, -

SRS TERISnakefile BT FRIFIN

$ snakemake -s mapping-2.smk -1
all
bcftools call

plot_quals

1

2

3

4 bwa_map
5

6 samtools_index
7

samtools_sort

--list-target-rules, --It

ERLATESnakefiledr e FIEY B AR ,

1 $ snakemake -s mapping-2.smk --1t samtools index
2 all

3  bcftools_call

4  plot_quals

--rulegraph
RETRBEESNEEREZE



1 snakemake -s mapping-2.smk --rulegraph | dot -Tsvg > rulegraph.svg

(samtools_index)
/

plot_quals

all

--filegraph
SRLHANEERIZE, SRR

1 snakemake -s mapping-2.smk --filegraph | dot -Tsvg > filegraph.svg



bwa_map
S input
data/genome.fa
data/samples/{sample}.fastq
output >

mapped_reads/{sample}.bam

!

samtools_sort

S input

mapped_reads/{sample}.bam
output >

sorted_reads/{sample}.bam

\

samtools_index
S input
sorted_reads/{sample}.bam
output >

sorted_reads/{sample}.bam.bai

/

bcftools_call
S input

data/genome.fa

sorted_reads/A.bam
sorted_reads/A.bam.bai
sorted_reads/B.bam
sorted_reads/B.bam.bai
output »>

calls/all.vcf

!

plot_quals
S input
calls/all.vcf
output -»
plots/quals.jpg

Y
all

S input

plots/quals.jpg

--summary, -S

FTENTERFZCIZFAE X HRIRE. ERBUATI: XHER. BoRaTE. MUK, MAXHE. shellas<. IR
SRl Eitb, MNURASSXECIZNERAEA (B2 RMNNMRAXEF) , KERTIXHEEER. HEAA
XU REEMAEMNAIRALEZME X HLIBMKZE KERMNL., MAXHMshellanLTZAS BRI, &E
—HRT TP IERERITHEXH 2SR/ ENEIE,



1 $ snakemake -s mapping-2.smk -S

2  Building DAG of jobs...

3  output file date rule version log-file(s) status plan

4  plots/quals.jpg Tue Aug 29 09:42:24 2023 plot _quals - ok no update

5 calls/all.vcf Tue Aug 29 09:42:23 2023 bcftools _call - ok no update

6 sorted reads/A.bam Tue Aug 29 09:41:35 2023 samtools_sort - ok no
update

7 mapped reads/A.bam Tue Aug 29 00:20:28 2023 bwa map - ok no update

8 sorted reads/B.bam Tue Aug 29 09:37:23 2023 samtools_sort - ok no
update

9 mapped reads/B.bam Tue Aug 29 00:20:28 2023 bwa _map - ok no update

10 sorted_reads/A.bam.bai Tue Aug 29 09:42:33 2023 samtools_index - ok no
update

11 sorted reads/B.bam.bai Tue Aug 29 09:37:23 2023 samtools index - ok no
update

--delete-all-output

MIBR TOERAERRIAIE X4, 5 -dry-run —EEEA R AT H XX EMASERRMFREE X4, BEE, XTSE3Z
FIERR. ZRPOXERSEMEE. REQLL, E/JVOER!

$ snakemake -s mapping-2.smk -np -c 20 --delete-all-output
Building DAG of jobs...

Would delete plots/quals.jpg

Would delete calls/all.vcf

Would delete sorted_reads/A.bam

Would delete sorted reads/B.bam
Would delete mapped reads/B.bam

1

2

3

4

5

6  Would delete mapped reads/A.bam

7

8

9 Would delete sorted reads/A.bam.bai
0

Would delete sorted reads/B.bam.bai

--gui
BETHTMLMEF REIRELAAENMENIRD, $120168.129.10.15:8000, EXIAER T, SnakemakelXFE4S
L (BAAIRO: 8000) ARJA. Ef#Snakemake TG IPHbLE, TEIGHFAEN#EE0.0.0.075INEURLA

(0.0.0.0:8000) . #RSnakemakefEfkDockerXtFHEIMHAIHMERER, NX—=IFEREE, NRTTEE, T
FEEEEO,

BT L Flask

1  mamba install Flask

1 snakemake -s mapping-2.smk -np -c 20 --gui

EEipMimO



1 snakemake -s mapping-2.smk -np -c 20 --gui 0.0.0.0:8000
2

3 # BRELRITRE

4  ss -tnlp

5 # BEAipihit

6

ifconfig

EXE 2RI http://172.16.163.78:8000/

--quiet, -q
FJBERIESE: progress, rules, all
FERHESLES, NRRESHER, WRHEEMEESMNES. EX all 2SHESFTEEIMEE.
--verbose
FTEMAR S .
--show-failed-logs
B ERRBIEI I HE,
--list-conda-envs
S BN condaiME R EFEHE FIAE.

1 $ snakemake -s mapping-2.smk -np -c 20 --list-conda-envs

2 Building DAG of jobs...

3 environment container location

4  envs/vcfR.yaml .snakemake/conda/8fb308d5cd70a49d4933170c1fed47b43

--conda-prefix

BEMILcondaMENZREBR F, THEPEIE conda"fl“conda-archive"BF. B9 3BT EiEcondaifE R EH
3R, WRRIEME, NMEZEBRENEXTABBE EN  snakemake"B %, MRR M, AWAEMIZE"-use-conda”
s, ZERMERIENERFSAE, BHERIARER, hAMEAENEKRESE . ZELINEIHELTS
$SNAKEMAKE_CONDA_PREFIXi21#,

--conda-create-envs-only

J&1T snakemake --use-conda --conda-create-envs-only R ZEMEMcondaifiE, MABITRENITE

A,
--conda-cleanup-envs
TBEAR(FEAMNcondalfiE,


http://172.16.163.78:8000/

--conda-cleanup-pkgs
B BERYIEIZ: tarballs, cache

BIRRIMESFE condafl, E"tarballs"i&=XT, EBEABE TH N Btarballs, E cache" &, TIGFERE
BHEEE., IRBE TER, BEOAMUERtarballs,

6. _KERHHRLHK

6.1 ZERMBXMEGRWLSHUNTA

6.1.1 IR
BIE—1#IR

1 # fBE—1"RFHSG_assemblyiIfiE
2 mamba create -n SG_assembly

3 # BUBREHR
4

mamba activate SG_assembly

fastp

e githubtthtlt: fastp

Sz N

e Ei¥mambaZit:

1  mamba install -c conda-forge -c bioconda fastp

SPAdes

# BlEXHHE
mkdir SG_assembly
cd SG_assembly

1

2

3

4

5 # TH
6 wget http://cab.spbu.ru/files/release3.15.4/SPAdes-3.15.4-Linux.tar.gz
7 tar -xzf SPAdes-3.15.4-Linux.tar.gz

8 c¢d SPAdes-3.15.4-Linux/bin/

9

10 # AMNEPNMEEE, BIZBURIRIERD

11 vim ~/.zshrc

12 export PATH=$PATH:path/to/SPAdes-3.15.4-Linux/bin/

BUSCO

e EM: busco
o EANMY: HE


https://github.com/OpenGene/fastp#install-with-bioconda
https://busco.ezlab.org/
https://busco.ezlab.org/busco_userguide.html

1
2

# J@IImambaZit

mamba install -c conda-forge -c bioconda busco=5.5.0

6.1.2 XU ML SHNA

fastp

0 N o U W N

11
12
13
14
15

16

-i RIAFFIAYEE
-1 [EEFIIRIEEE
-o FEEMBIEFS!
-0 FUEENERFES!
-j WHRERS json
-h HHFRERShtml
BEZ D2
-q EEREDHIEE
-u {EERERELLH
-n RZATBZVINEE, BIXTHENRESE
-1 HZfireadkKE, BFXTKENKESH
-5 35 inFINEEEERERT
-3 W3 inFINEEIERERT
mkdir fastp output
fastp -i SG reads/PT24 64 1.fqg.gz -I SG reads/PT24 64 2.fq.gz -o
fastp output/PT24 64 paired 1.fqg.gz -O fastp output/PT24 64 paired 2.fq.gz -j
fastp output/PT24 64 fastp.json -h fastp output/PT24 64 fastp.html -w 16 -g 20 -u
10 -n 3 -1 40 -5 -3
# HARKRIE FIMEHEFZI—R, -u 10 RR—Fread EENRBIT10sMWRERERMT200MIBER

HFoH W% HF W OH W H W H W KW
|
<

SPAdes

~N o O W N R

# --isolate BINATHEZEND BN ZMWBEUE.

# -1 FiEEMRIEFS

# -2 RERENEERTY

# -t &%

# -m ATF

# -o ZERHH

spades.py --isolate -1 fastp output/PT24 64 paired 1l.fqg.gz -2
fastp output/PT24 64 paired 2.fqg.gz -t 48 -m 48 -o spades_output

R ENRMHAspadesiziTIREFI AREE B CRIFMN 3.15.5 A, XERIFAZIRERE

== Error == system call for: "['/home/kkk/software/SPAdes-3.15.4-Linux/bin/spades-
core', '/home/kkk/SG assembly/spades out/PT24 64/K21/configs/config.info"',
' /home/kkk/SG_assembly/spades_out/PT24_64/K21/configs/isolate_mode.info']" finished

abnormally, OS return value: -11



BUSCO

# -1 EERANERAXGHEFRERANE R

# -1 BUERERR

# -m WABX{EEE: genome, proteins, transcriptome
# -o WMHBER

busco -i genome output -1 bacteria odbl0 -m genome -o busco output

u s W N

6.2 snakemakeRIEX RS



fastp

S input
SG_reads/{sample}/{sample}_1.fq.gz
SG_reads/{sample}/{sample}_2.fq.gz

output =
fastp_out/{sample}/{sample}_fastp.html
fastp_out/{sample}/{sample}_fastp.json
fastp_out/{sample}/{sample}_paired_1.fq.gz

fastp_out/{sample}/{sample}_paired_2.fq.gz

}

spades

S input
fastp_out/{sample}/{sample}_paired_1.fq.gz
fastp_out/{sample}/{sample}_paired_2.fq.gz

spades_out/{sample}

output >

filter_contig
S input

spades_out/{sample}

spades_out/{sample}/contigs.fasta
output >
genome_upper_L1000C10/{sample}.fasta

}

busco

S input
genome_upper_L1000C10
genome_upper_L1000C10/PT24_64.fasta
genome_upper_L1000C10/PT42_8.fasta

output >

all
S input

busco_output

busco_output

6.2.1 fastp#iy

® vyworkflow/config/config.yaml

1 samples_path: SG_reads
2 unqualified: 10
3  read_length: 40



® workflow/SG assembly.smk
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configfile: "workflow/config/config.yaml"
import os

samples path = config["samples path"]
SAMPLES = os.listdir(samples path)
FASTP_OUT PATH = "fastp out"

rule all:
input:
expand (FASTP_OUT PATH + "/{sample}/{sample} paired {num}.fq.gz",
sample=SAMPLES, num=[1,2]),
expand (FASTP_OUT PATH + "/{sample}/{sample} fastp.{ext}", sample=SAMPLES,
ext=['html', 'Json']),

rule fastp:
input:

rl = samples_path + "/{sample}/{sample} 1.fq.gz",

r2 = samples_path + "/{sample}/{sample} 2.fq.gz",

output:
rl = FASTP OUT PATH + "/{sample}/{sample} paired 1l.fq.gz",
r2 = FASTP OUT PATH + "/{sample}/{sample} paired 2.fq.gz",

json= ensure(temp(FASTP_OUT_ PATH +
"/{sample}/{sample} fastp.json"),non_empty=True),

html = ensure(FASTP_OUT PATH + "/{sample}/{sample} fastp.html",
non_empty=True), # Often, it is a good idea to combine ensure annotations with

retry definitions, e.g. for retrying upon invalid checksums or empty files.

log:
"logs/fastp/{sample}.log"

threads: 8

params:

unqualified=config[ 'unqualified'],
read_length=config[ 'read length']
conda:
"SG_assembly"
shell:
"fastp -i {input.rl} -I {input.r2} -o {output.rl} -0 {output.r2} "
"-j {output.json} -h {output.html} -w {threads} "
"-g 20 " # the quality value that a base is qualified
-u {params.unqualified} " # how many percents of bases are allowed to be
unqualified (0~100).
"-n 3 " # number of N allowed
"-1 {params.read length} " # reads shorter than length required will be
discarded, particularly those with adapter.
"-5 " # enable trimming in 5' ends.

-3 " # enable trimming in 3' ends.

"s> {log}"

o HET



1 snakemake -s workflow/SG_assembly.smk -np -c --use-conda

6.2.2 spades#i

® workflow/SG_assembly.smk

1 configfile: "workflow/config/config.yaml"

2 import os

3 samples path = config["samples path"]

4 SAMPLES = os.listdir(samples_path)

5 FASTP_OUT PATH = "fastp out"

6 SPADES_OUT PATH = "spades_out"

-

8

9

10 rule all:

11 input:

12 # expand (FASTP_OUT PATH + "/{sample}/{sample} paired {num}.fqg.gz",
sample=SAMPLES, num=[1,2]),

13 # expand (FASTP_OUT PATH + "/{sample}/{sample} fastp.{ext}", sample=SAMPLES,
ext=['html', 'json']),

14 expand (SPADES OUT_ PATH + "/{sample}", sample=SAMPLES),

15

16  rule fastp:

17 input:

18 rl = samples_path + "/{sample}/{sample} 1l.fq.gz",

19 r2 = samples_path + "/{sample}/{sample} 2.fq.gz",

20 output:

21 rl = FASTP _OUT PATH + "/{sample}/{sample} paired 1l.fq.gz",
22 r2 = FASTP OUT PATH + "/{sample}/{sample} paired 2.fq.gz",
23 json= ensure(temp(FASTP_OUT_PATH +

"/{sample}/{sample} fastp.json"),non empty=True),

24 html = ensure(FASTP_OUT PATH + "/{sample}/{sample} fastp.html",
non_empty=True), # Often, it is a good idea to combine ensure annotations with
retry definitions, e.g. for retrying upon invalid checksums or empty files.

25 log:

26 "logs/fastp/{sample}.log"

27 threads: 8

28 params:

29 unqualified=config[ 'unqualified'],

30 read length=config[ 'read length']

31 conda:

32 "SG_assembly"

33 shell:

34 "fastp -i {input.rl} -I {input.r2} -o {output.rl} -0 {output.r2} "
35 "-j {output.json} -h {output.html} -w {threads} "

36 "-q 20 " # the quality value that a base is qualified



37 "-u {params.unqualified} " # how many percents of bases are allowed to be

unqualified (0~100).

38 "-n 3 " # number of N allowed

39 "-1 {params.read length} " # reads shorter than length required will be
discarded, particularly those with adapter.

40 "-5 " # enable trimming in 5' ends.

41 "-3 " # enable trimming in 3' ends.

42 "&> {log}"

43

44  rule spades:

45 input:

46 rl = rules.fastp.output.rl,

47 r2 = rules.fastp.output.r2,

48 output:

49 directory(SPADES OUT PATH + "/{sample}")

50 log:

51 "logs/spades/{sample}.log"

52 benchmark:

53 "benchmarks/{sample}.spades.benchmark.txt"

54 threads: 48

55 resources:

56 mem _gb = 48

57 shell:

58 "spades.py --isolate -1 {input.rl} -2 {input.r2} -t {threads} -m

{resources.mem gb} -o {output} &> {log}"
59

6.2.3 idiEcontigfm

® scripts/filterLengthAndCoverage.py

1  from os import path

2 import os

3 from Bio import SeqIO

4  import datetime

5

6 def filterLength(fastaPath, outputPath, logPath, thLength=1000, thCoverage=10):

7 wan

8 RIERKERTE N E{ENcontigs

9 1000 ZHE R TN EENFIIKE

10 BEEMRT10, HAXFcontigRAFIRERISHFS, HEXMAHZENERERS

11 FEERAZINCBIREMRIONSHRESI, PT34 32 ETFR2%KcontigsBISEFYI, HEEZEMT 10,
Hih F®contigsEET10

12 e

13 log_f = open(logPath,"w")

14 genomeDir = path.dirname(outputPath)

15 if not path.exists(genomeDir):

16 os.mkdir (genomeDir)

17



if not path.exists(fastaPath):

print("No such fasta file")

print (fastaPath)

os._exit(1l)
sampleName = ".".join(path.basename(outputPath).split(".")[:-11])
records = SeqlO.parse(fastaPath, "fasta")

good_records = []

total _count = 0
total_length = 0

success_count = 0

success_length = 0

for rec in records:
segLength = len(rec.seq)
seqgIDSplit = rec.id.split(' ')
segCoverage = float(seqIDSplit[-1])
total_count += 1

total_ length += seqLength

if seqLength >= thLength and seqCoverage >= thCoverage:
rec.description = rec.id
rec.id = f"{sampleName} contig {seqIDSplit[1l]}"
good_records.append(rec)
success_length += seqLength
success_count += 1

else:
current_datetime = datetime.datetime.now()
formatted datetime = current datetime.strftime("%m/%d/%Y $H:%M:%S")
print(f"[{formatted datetime}] WARNING: {rec.id} fail to pass.",

file=log f)

with open(outputPath, "w") as f:

SeqIO.write(good records, f, "fasta")

out_res = £"""
## Before filter:
total number of contigs: {total count}

total length of contigs: {total length} bp

## After filter:

total number of contigs: {success_ count}
total length of contigs: {success_length} bp
print(out_res, file=log f)

log _f.close()

1 1

if name == ' main ':
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filterLength(snakemake.input.genome, snakemake.output[0],

snakemake.params.thLength, snakemake.params.thCoverage)

workflow/SG assembly.smk

configfile: "workflow/config/config.yaml"
import os

samples_path = config["samples path"]
SAMPLES = os.listdir(samples_path)

FASTP_OUT_PATH = "fastp out”
SPADES_OUT_ PATH = "spades_out"
FILTERED GENOME OUT PATH = "genome upper L1000C10"
rule all:

input:

snakemake.log[0],

# expand(FASTP_OUT PATH + "/{sample}/{sample} paired {num}.fqg.gz",

sample=SAMPLES, num=[1,2]),

# expand(FASTP_OUT PATH + "/{sample}/{sample} fastp.{ext}", sample=SAMPLES,

ext=['html', 'Json']),

# expand (SPADES OUT PATH + "/{sample}", sample=SAMPLES),
expand (FILTERED GENOME OUT PATH + "/{sample}.fasta", sample=SAMPLES),

rule fastp:
input:
rl = samples_path + "/{sample}/{sample} 1l.fq.gz",
r2 = samples_path + "/{sample}/{sample} 2.fq.gz",
output:
rl = FASTP _OUT PATH + "/{sample}/{sample} paired 1l.fq.gz",
r2 = FASTP OUT PATH + "/{sample}/{sample} paired 2.fq.gz",

json= ensure(temp(FASTP_OUT_ PATH +
"/{sample}/{sample} fastp.json"),non_ empty=True),

html = ensure(FASTP_OUT PATH + "/{sample}/{sample} fastp.html",

non_empty=True), # Often, it is a good idea to combine ensure annotations with

retry definitions, e.g. for retrying upon invalid checksums or empty files.

log:
"logs/fastp/{sample}.log"

threads: 8

params:

unqualified=config[ 'unqualified'],
read_length=config[ 'read length']
conda:
"SG_assembly"
shell:

"fastp -i {input.rl} -I {input.r2} -o {output.rl} -0 {output.r2}

"-j {output.json} -h {output.html} -w {threads}

"-qg 20 " # the quality value that a base is qualified

"-u {params.unqualified} " # how many percents of bases are allowed to be

unqualified (0~100).



39 "-n 3 " # number of N allowed
40 "-1 {params.read length} " # reads shorter than length required will
discarded, particularly those with adapter.
41 "-5 " # enable trimming in 5' ends.
42 "-3 " # enable trimming in 3' ends.
43 "&> {log}"
44
45 rule spades:
46 input:
47 rl = rules.fastp.output.rl,
48 r2 = rules.fastp.output.r2,
49 output:
50 directory(SPADES_OUT PATH + "/{sample}")
51 log:
52 "logs/spades/{sample}.log"
53 benchmark:
54 "benchmarks/{sample}.spades.benchmark.txt"
55 threads: 48
56 resources:
57 mem gb = 48
58 shell:
59 "spades.py --isolate -1 {input.rl} -2 {input.r2} -t {threads} -m
{resources.mem gb} -o {output} &> {log}"
60
61 rule filter contig:
62 input:
63 rules.spades.output
64 output:
65 FILTERED GENOME_OUT PATH + "/{sample}.fasta"
66 params:
67 thLength = 1000, # KEBHE
68 thCoverage = 10, # B=EEHIE
69 genome = SPADES OUT PATH + "/{sample}/contigs.fasta"
70 log:
71 "logs/filter/{sample}.log"
72 conda:
73 "SG_assembly"
74 script:
75 "scripts/filterLengthAndCoverage.py"
6.2.4 busco# My

® workflow/SG assembly.smk

(62 B = OV S

import os

configfile: "workflow/config/config.yaml"

sample path = config["samples path"]
FASTP OUT PATH = "fastp out"

be



0 N o

11
12
13
14
15
16
17
18
19
20

21

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

47
48
49
50
51

SPADES_OUT_PATH = "spades_out"
FILTERED GENOME_OUT_PATH = "genome upper_ L1000C10"
BUSCO_OUT_PATH = "busco_output”

SAMPLES = os.listdir(sample path)

onerror:

print("error!")

onsuccess:

print("success!")

rule all:
input:

# expand (FASTP_OUT PATH + "/{sample}/{sample} paired {num}.fqg.gz",
sample=SAMPLES, num=[1,2]),

# expand (FASTP_OUT PATH + "/{sample}/{sample} fastp.{ext}", sample=SAMPLES,
ext=["json", "html"])

# expand(SPADES OUT PATH + "/{sample}", sample=SAMPLES),

# expand (FILTERED GENOME OUT PATH + "/{sample}.fasta", sample=SAMPLES),

BUSCO_OUT_PATH + "/batch_ summary.txt"

rule fastp:
input:
rl = sample path + "/{sample}/{sample} 1l.fqg.gz",
r2 = sample path + "/{sample}/{sample} 2.fqg.gz",
output:
rl = FASTP_OUT PATH + "/{sample}/{sample} paired 1l.fq.gz",
r2 = FASTP_OUT PATH + "/{sample}/{sample} paired 2.fq.gz",
temp (FASTP_OUT PATH + "/{sample}/{sample} fastp.json"),
FASTP_OUT PATH + "/{sample}/{sample} fastp.html",

json
html
threads: 10

params:
unqualified=config[ 'unqualified'],
read_length=config[ 'read length']
log:
"logs/fastp/{sample}.log"
conda:
"SG_assembly"
shell:

"fastp -i {input.rl} -I {input.r2} -o {output.rl} -O {output.r2}
"-j {output.json} -h {output.html} "
"-w {threads} -g 20 -u {params.unqualified} -n 3 -1 {params.read length} -5

-3 &> {log}"

rule spades:
input:

rl = rules.fastp.output.rl,
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r2 = rules.fastp.output.r2,
threads: 64
resources:
mem _gb = 48
output:
directory(SPADES OUT PATH + "/{sample}")
benchmark:
"benchmarks/{sample}.spades.benchmark.txt"
log:
"logs/spades/{sample}.log"
shell:
"spades.py --isolate -1 {input.rl} -2 {input.r2} -t {threads} -m

{resources.mem gb} -o {output} &> {log}"

rule filter contig:
input:
rules.spades.output
output:
FILTERED GENOME_OUT_PATH + "/{sample}.fasta"
params:
thLength = 1000, # KEHE
thCoverage = 10, # E=EHIE
genome = SPADES OUT PATH + "/{sample}/contigs.fasta"
log:
"logs/filter/{sample}.log"
conda:
"SG_assembly"
script:

"scripts/filterLengthAndCoverage.py"

rule busco:
input:
expand (FILTERED GENOME OUT_ PATH + "/{sample}.fasta", sample=SAMPLES)
output:
ensure (BUSCO_OUT PATH + "/batch_ summary.txt", non_empty=True)

params:
dir = FILTERED_ GENOME_OUT PATH,
out = BUSCO_OUT PATH

conda:

"SG_assembly"
log:
"logs/busco/busco.log"
shell:

"busco -i {params.dir} -1 bacteria odbl0 -m genome -o {params.out} -f
{log}"

&>
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1 snakemake -s workflow/SG_assembly.smk --dag | dot -Tsvg > workflow.svg

3 snakemake -s workflow/SG_assembly.smk --filegraph | dot -Tsvg > filegraph.svg

fastp fastp
sample: PT24_64 sample: PT42_8

spades spades

filter_contig filter_contig

H busco T

)

6.2.5 fastpiEiR1t

® yworkflow/modules/fastp.smk

FASTP_OUT PATH = "fastp out"
samples_path = config["samples path"]
rule fastp:
input:
rl = samples path + "/{sample}/{sample} 1.fq.gz",
r2 = samples_path + "/{sample}/{sample} 2.fq.gz",
output:
rl = FASTP_OUT PATH + "/{sample}/{sample} paired 1l.fq.gz",
r2 = FASTP_OUT PATH + "/{sample}/{sample} paired 2.fq.gz",
json= ensure(temp(FASTP_OUT_PATH +

O W 00 N o Uk W N B

=

"/{sample}/{sample} fastp.json"),non_ empty=True),
11 html = ensure(FASTP_OUT PATH + "/{sample}/{sample} fastp.html",
non_empty=True), # Often, it is a good idea to combine ensure annotations with

retry definitions, e.g. for retrying upon invalid checksums or empty files.
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log:
"logs/fastp/{sample}.log"
threads: 8
params:
unqualified=config[ 'unqualified'],
read length=config[ 'read length']
conda:
"SG_assembly"
shell:
"fastp -i {input.rl} -I {input.r2} -o {output.rl} -0 {output.r2}
"-j {output.json} -h {output.html} -w {threads} "

"-qg 20 " # the quality value that a base is qualified

"-u {params.unqualified} " # how many percents of bases are allowed to be
unqualified (0~100).

"-n 3 " # number of N allowed

"-1 {params.read length} " # reads shorter than length required will be
discarded, particularly those with adapter.

-5 " # enable trimming in 5' ends.

-3 " # enable trimming in 3' ends.
"g> {log}"

workflow/SG_assembly m.smk

import os

configfile: "workflow/config/config.yaml"

sample path = config["samples path"]

FASTP OUT PATH = "fastp out"

SPADES OUT_PATH = "spades_out"

FILTERED GENOME_OUT PATH = "genome upper L1000C10"
BUSCO_OUT_PATH = "busco_output”

SAMPLES = os.listdir(sample_path)

onerror:

print("error!")
onsuccess:

print("success!")

module fastp m:
snakefile: "modules/fastp.smk"

config: config

use rule fastp from fastp m as my fastp
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rule all:
input:
BUSCO_OUT_PATH + "/batch summary.txt"
default target: True

rule spades:
input:
rl = rules.my_ fastp.output.rl,
r2 = rules.my_ fastp.output.r2,
threads: 64
resources:
mem gb = 48
output:
directory(SPADES OUT PATH + "/{sample}")
benchmark:
"benchmarks/{sample}.spades.benchmark.txt"
log:
"logs/spades/{sample}.log"
shell:

"spades.py --isolate -1 {input.rl} -2 {input.r2} -t {threads} -m

{resources.mem gb} -o {output} &> {log}"

rule filter contig:
input:
rules.spades.output
output:
FILTERED GENOME OUT PATH + "/{sample}.fasta"
params:
thLength = 1000, # KEHE
thCoverage = 10, # B=EHIE

genome = SPADES OUT PATH + "/{sample}/contigs.fasta"

log:
"logs/filter/{sample}.log"
conda:
"SG_assembly"
script:

"scripts/filterLengthAndCoverage.py"

rule busco:

input:

expand (FILTERED GENOME _OUT PATH + "/{sample}.fasta", sample=SAMPLES)

output:



73 ensure (BUSCO_OUT PATH + "/batch summary.txt", non_empty=True)

74 params:

75 dir = FILTERED GENOME_ OUT PATH,

76 out = BUSCO OUT PATH

77 conda:

78 "SG_assembly"

79 log:

80 "logs/busco/busco.log"

81 shell:

82 "busco -i {params.dir} -1 bacteria odbl0 -m genome -o {params.out} -f &>
{log}"

o HMLIAIE

1 snakemake -s workflow/SG_assembly m.smk --dag| dot -Tsvg > workflow m.svg
my_fastp my_fastp
sample: PT24_64 sample: PT42_8
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filter_contig filter_contig
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