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Bioinformatic modules on EULER

= module load

= module load gdc

= module avall

= module purge

= envZ2lmod, Imod2env

=  https://scicomp.ethz.ch/wiki/New_SPACK_software stack on_Euler
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michalo — michalo@eu-login-01:~ — tmux — 95x21

michalo — michalo@eu-login-01:~ — tmux — 99x20
1% module load gdc
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Bioinformatic software jungle - categories

= Trimming tools: trimmomatic, cutadapt

= Aligners:
= General purpose: bwa, bowtie, SHRIMP
= RNA aligners: STAR, tophat, subjunc, hisat2
= Transcriptome aligners: kallistio, salmon, sailfish, RSEM
= Other aligners: Blast, Blat, VMATCH

= De-novo assemblers: trinity, velvet, spades

= Feature extraction, counting: HTSeq, featureCount
= Transcript discovery: cufflinks,

= Specialized tools: MISO, blast2go,...
= Utilities and conversion tools: samtools, bcftools, bedtools, picard tools
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Bioinformatic software jungle (as seen back in 2015)

Options
For analysis

Mode:
Step-by-step

Single-run

l

Fastqc
report

)
I

A
=0
Ui
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Alignment
to the genome

STAR
aligner

tophat
aligner

Genomic feature

extraction
- counting

ht_seq

RPKM
tables

Count

3 tables

SparkSeq
counts

SparkSeq
junctions

»e

(gene,
exon...

junctions

junctions

unmapped
BAM
unmapped
BAM
unmapped
fastq
unmapped
fastq

junctions

junctions

Statistical
analysis

Experiment
definition

SparkSeq
tests

DESeqg/edge
R

DEXSeq

MISO/MATS

jsplice

cufflinks/
cuffdiff

RSEM/Bitse

q

isoform
deconvolute

Functional analysis
|

String DB

GeneGo
(commercial)
Selection of
* graphs Ingenuity
* Report (commercial)
types
« output
formats Reporting
((5]=) |:>
CSV..) Differential
expression
Setting report
thresholds
Functional Differential
uncllorlm splicing
analysis report
parametres
Output

— )
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Trimming tools

= trimmomatic, cutadapt

= Trimming:
= Removing adapters
= By quality: eg sliding window
= Fixed position, eg several base pairs at each end

= Typicaly: fastq on input, fastq on output

= itets more complex with paired reads
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Trimming tools

module load java

module load trimmomatic

trimmomatic SE {input} {output} ILLUMINACLIP:adapters.fa:2:30:10
LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36

>TruSeqR2_nextera

CTGTCTCTTATACACATCTCCGAGCCCACGAGACTAAGGCGAATCTCGTATGCCGTCTTCTGCTTGAAAA
>nextera_R2_right_side_adapter
CTGTCTCTTATACACATCTGACGCTGCCGACGAGCGATCTAGTGTAGATCTCGGTGGTCGCCGTATCATTAAAA

>I5_Nextera_Transposase_1

CTGTCTCTTATACACATCTGACGCTGCCGACGA

>I7_Nextera_Transposase_1

CTGTCTCTTATACACATCTCCGAGCCCACGAGAC

>I5_Nextera_Transposase_2

CTGTCTCTTATACACATCTCTGATGGCGCGAGGGAGGC

>I7_Nextera_Transposase_2

CTGTCTCTTATACACATCTCTGAGCGGGCTGGCAAGGC

>I5_Primer_Nextera_XT_and_Nextera_Enrichment_[N/S/E]501

GACGCTGCCGACGAGCGATCTAGTGTAGATCTCGGTG
>I5_Primer_Nextera_XT_and_Nextera_Enrichment_[N/S/E]1502__and__I5_Primer_Nextera_XT_Index_Kit_v2_S502
GACGCTGCCGACGAATAGAGAGGTGTAGATCTCGGTGGTCGCCGTATCATT
>I5_Primer_Nextera_XT_and_Nextera_Enrichment_[N/S/E]1503__and__I5_Primer_Nextera_XT_Index_Kit_v2_S503
GACGCTGCCGACGAAGAGGATAGTGTAGATCTCGGTGGTCGCCGTATCATT
>I5_Primer_Nextera_XT_and_Nextera_Enrichment_[N/S/E]1504

GACGCTGCCGACGATCTACTCTGTGTAGATCTCGGTGG CGTATCATT
>I5_Primer_Nextera_XT_and_Nextera_Enrichment_[N/S/E]1505__and__I5_Primer_Nextera_XT_Index_Kit_v2_S505
GACGCTGCCGACGACTCCTTACGTGTAGATCTCGGTGGTCGCCGTATCATT
>I5_Primer_Nextera_XT_and_Nextera_Enrichment_[N/S/E]1506__and__I5_Primer_Nextera_XT_Index_Kit_v2_S506

] GACGCTGCCGACGATATGCAGTGTGTAGATCTCGGTGGTCGCCGTATCATT
@s ID SIS I5_Pri Next XT d_Next Enrich t_[N/S/E]507 TS EP Next XT_Ind Kit_v2_S507
SIS >I5_Primer_Nextera_XT_and_Nextera_Enrichment_[N/S/ __and__I5_Primer_Nextera_XT_Index_Kit_v2_

GACGCTGCCGACGATACTCCTTGTGTAGATCTCGGTGGTCGCCGTATCATT




Bowtie, bowtie2

Read: GACTGGGCCGATCTCCGACTTCG
= Building genome index RO
Reference: GACTG--CCGATCTCCGACATCG

bowtieZ2-build --threads 24
/cluster/home/michalo/work michalo/hg38/Homo sapiens.GRCh38.dna.primary assembly.fa
/cluster/scratch/michalo/hg38/hg38

m Allgnment | NN A michalo — michalo@eu-login-01:~ — tmux — 108x12

[michalo@eu-c7-067-03 course]$ bowtie2 -p 24 -x ~/work_michalo/hg38/hg38 -U mini.fastg -S mini_bowtie2.sam

were unpaired; of these:
) aligned @ times
») aligned exactly 1 time
lighed >*1 times
ent rate
z course)$
[michalo@el course]$
[michalo@eu-c7 B3 course]$
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Tophat

= (Classic splice-aware aligner
= Uses bowtie2 as engine, so also bowtie2 index

tophat -p 24 -o tophat out --library-type fr-firststrand ~/work michalo/hg38/hg38 mini.fastqg.gz

= Manual: http://ccb.jhu.edu/software/tophat/index.shtml

7/“\\\\\ ID | SIS Michal Okoniewski, Scientific ITETH | 2/24/21 | 8



Splice aware aligners for RNA-seq, memory needs

Index type Index size=memory Computing node
needs for hg38

Tophat, 2011 bowtie index in a file in a file

STAR, 2014 In memory ca 40GB EULER normal (65G)
Subjunc, 2014 In memory ca 40GB EULER normal (65G)
Hisat2, 2016 In memory ca 7GB good laptop (>=8G RAM)
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Tuxedo suite and “new tuxedo”

‘ ‘ RNA-seq reads

Reference |
annotation

Steps 1 and 2

(/

Cufflinks version < 2.2.0 Cufflinks version >= 2.2.0 : 1 Read |
(still supported) (optional) L lalignments
Condition A Condition B Condition A Condition B ; ‘

Step 3
TopHat
s — —
pr— I Assemt?led
Riacs Reads Reads Reads transcripts

P e

; StringTie --merge

Cufflinks \ Cufflinks
transcnpts.
Merged

| transcripts

Step 4

Assemblod

tranecripls

Assembled
transcripts

e — Step 5 N gffcompare \
transcriptome transcriptorme.
assembly assembly 5
Transcript
eoped acge statistics
Cuffdiff Cuffquant .
? N Mo ot assamly g

Diteearial
expression results

v
¢ ¢ ¢ Step 6

P e

String Tie -eB

Expression Diffarantial Nommadized
plots OXprossion rosiits expeession & count

tabies Read coverage

¢ l tables

CummeRbund

v R, MATLAB, (

etc Steps 7-21 Ballgown
Exprossion
plots

Plots and
differential
expression tables

i
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“New tuxedo suite”

natureprotocols

Explore Content v  Journal Information v  Publish With Us v

nature > nature protocols > protocols > article

Published: 11 August 2016

Transcript-level expression analysis of RNA-seq
experiments with HISAT, StringTie and Ballgown

Mihaela Pertea, Daehwan Kim, Geo M Pertea, Jeffrey T Leek & Steven L Salzberg

Nature Protocols 11, 1650-1667(2016) | Cite this article
43k Accesses | 1133 Citations | 87 Altmetric | Metrics
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Cufflinks and stringtie

= Transcript discovery tools
= Uses coverage and junctions from a BAM file

cufflinks mini_star.sorted.bam

= Qther

= cuffmerge, cuffdiff, cuffquant, cuffnorm, CummeRbund

!

§
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Cufflinks and stringti

= Produces GT

[ } [ } & michalo — michalo@eu-login-01:~ — tmux — 265x41

Cufflin t 8 _id "CUFF.1" f ript_id "CUFF.1.1"; FPKM nT 4.1
Cufflinks 5 ; trans "CUFF.1.1"; exon_number "1"; 5 ; frac o ; conf_lo "2 .123428"; conf_hi
ript_id "CUFF 1"; FPKM "6 f f_h 1Lk
"CUFF.2.1"; exon_number "1";
. K t "CUFF 1% number "
Cufflink il t 0 : 9 L 2"; tre ript_id ; FPKM "195
fflin t t "CUFF H _humber "1" _
fflin 26 0 . . B .2"; tra t_id "CUFF.2.2"; exon_number "2"; .751 ; frac ; conf_lo
ffLlin g t 8 § ript_ 1"; FPKM
Cufflink 5 3" 5 t_id ; n_number "1"; 9 ; frac ; conf_lo
fflin . . t t_id ; _number " ; conf_lo
4 _humber "3"; E = Wl 0 conf_lo
L & 4.1"; FPKM ; fra " f 1
41811019 0 . . it t_id "CUFF.4.1"; exon_number "1"; 2 ; fre .00 ; conf_1l
4181 H ript_id 1"; FPKM 7 4 el
. . ; s "CUFF.5.1"; exon_number "1"; FP . ; frac 0 ; conf_lo
4181194 . . H 7 = 1"; FPKM . H Nt "145104 H h 1 4
41811948 6"; tra t_ .6 H on_number "1"; FPKM 6 666 H 3 ; conf_lo . ; conf_hi
5 il FPKM . 3 f . H f i 313, 4
ript_id 0 H 6421.12 7 rac "0 conf_lo
ript_id 5 _humber F : : nf_lo

ript_id .1"; exon_nunber ) 6421, 147"; c "0.686190"; conf_lo "31162 ; conf_hi
ript_id _nu - "4 F 1 nf_ 1 1 f_hi

wew,

ript_id 7 H on_number
_nhumber
n_number " 4 f g 6 nf_ ; conf_hi
FPKM "118 f : . - “1sg
Cufflin 5
fflin

Cufflin ., . t t_id hu R FPKM
Cufflink { d . ript . EPKM
: 7 : FPKM

on_number
_humber ; FPKM
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STAR

= Splice aware aligner, loading index into memory

= Results similar to tophat, but faster

= --genomeload LoadAndKeep

= With specific options, can produce BAM and do the counting too

O @] @ michalo — michalo@eu-login-01:~ — tmux — 122x8

AR --genomeDir /cluster/homes/michalo/work_michalo/hg38 --readFilesIn mini.fastq.gz --readf
--outFileNamePrefix mini_star

;Z\.j“\\\§ ID | SIS Michal Okoniewski, Scientific IT ETH | 2/24/21 | 14



STAR StatiStiCS O O A michalo — michalo@eu-login-01:~ — tmux — 82x33

Started job on Nov 22 09
Started mapping on NOY 09
Finished on 13
Mapping speed, Million of reads per hour

Number of input reads
inhput read length
UNIQUE READS:
Uniquely mapped reads number
Uniquely mapped reads
Average mapped length
Number of splices: Total
Number of splices: Annotated (sjdb)
Number of splices: GT/AG
Number of split i
Number of splice
Number of splices: Non-canoni
Mismatch rate per :
Deletion
Deletion av
Insertion

Number of reads mapped to multiple
% of reads mapped to multiple loci
Mumber of reads mapped to too many loci
% of reads mapped to too many loci

UNMAPPED READS:

% of reads unmapped: mismatches
% of reads unmapped: too short
% of reads unmapped: other

MWD
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subread

* Includes subjunc similar to STAR and featureCounts
= Building index

subread-buildindex -o /cluster/home/michalo/work michalo/hg38/subread index/hg38
/cluster/home/michalo/work michalo/hg38/Homo sapiens.GRCh38.dna.primary assembly.fa

= Alignment

subread -T 24 -i /cluster/home/michalo/work michalo/hg38/subread index/hg38 -r mini.fastqg -o
mapped reads subjunc/mini.bam

subjunc -T 24 -i /cluster/home/michalo/work michalo/hg38/subread index/hg38 -r mini.fastg -o
mapped reads subjunc/mini.bam

= http://bioinf.wehi.edu.au/subread-package/SubreadUsersGuide.pdf

;Z\.?\\\\§ ID | SIS Michal Okoniewski, Scientific ITETH | 2/24/21 | 16



samtools

= General purpose tool for conversion of BAM & SAM
= Many other operations: pileup...

= See: http://www.htslib.org/doc/samtools.html

® 0

[[1'11' C |"Ia1lj@)§|_1 -7
[m1cha1g@e -

A michalo — michalo@eu-login-01:~ — tmux — 150x10

]
1% samtools wiew -b mini_starAligned.out.sam * mini_star.bam
I -T tmp -0 mini_star.sorted.bam mini_star.bam
sely s fools index mini_star.sorted.bam

e]l$ 1s -al mini_star.*

-rw-r----- 1 michalo TEEOO 20552 Nov 22 09:55 mini_star.bam
-rw-r----- 1 michalo TOROO
-rw-r----- 1 michalo TOO
[michalo@eu-c7-067-03 course]$

9:55 mini_star.sorted.bam
B9:55 mini_star.sorted.bam.bai

sy 1D | SIS
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http://www.htslib.org/doc/samtools.html

featureCounts

= Fast and flexible counting in genomic features

featureCounts -M -s 2 -T 24 -t gene —-g gene id -a

/cluster/home/michalo/work michalo/hg38/Homo sapiens.GRCh38.86.chr.gtf -o mini.cnt
mini star.sorted.bam

Zﬂ?\\\% ID | SIS Michal Okoniewski, Scientific ITETH | 2/24/21 | 18



featureCounts

@ michalo — michalo@eu-login-01:~ — tmux — 111x49

[michalo@eu-c7-0 U 0 e]] reCounts -M -s 2 = ne -g gene_id -a /cluster/home/michalo/work_mic
halo/h omo ens. . 5 .sorted.bam

mini star.sorted.bam
T 41
Unassigned Ambigui ty 1l
Unassighed MultiMapping O
Una: ed NoFeatures 45
Unassigned Unmapped 0]
Annotations  /cluster/hone/ichalo/work wichalo/hg38/Hono .. Unassigned_MappingQuality
Unassig d FragmentlLength
Unassi d Chimer 0]

featureCounts s

Input files : 1 BaM file
mini_star.sorted.ban

eta-feature level

ey T Unassi d Secondary 0

counted - - - —
d Nonjunction 0O
subread. sourceforge. net i sighed Duplicate 0]

Load annotation file

Read assighment finished,

subread.sourceforge

ID | SIS Michal Okoniewski, Scientific IT ETH 2/24/21




Counting reads in genes is non-trivial!

intersection intersection

union _strict _nonempty
read |
gene A gene_A gene A gene_ A
ad
gene A — | gene A no_feature gene A
— 2" lgene h gene A no_feature gene A
gene_fad‘- 'Eadg;ne_A gene A gene A gene A
read |
gene_ A gene A gene A gene A
gene B
ambiguous
(both genes with ~ gene_A gene_A

--nonunique all)

read |

- gene B (both gene:rxit;it?l:j-?\%?lunique all) htseq Counting mOdeS
by Simon Anders

/ \ ? alignment_not_unique
(both genes with --nonunique all)

FOSENID) | SIS Michal Okoniewski, Scientific [T ETH | 2/24121 | 20



Tuning featureCounts

Defaults counting features can be fuound in current STAR
Still, for many cases a more careful counting is needed

= Gene or exon level counting

= Options

2N ID | SIS Michal Okoniewski, Scientific ITETH | 2/24/21 | 21



SRA tools

The command line download of public datasets from Short Read Archive
http://ncbi.qgithub.io/sra-tools/

fastg-dump
fastq-dump --split-files ERR2811092
(from v2.9) fasterg-dump --split-files ERR2811092 —e 4

/A
o

©
U
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http://ncbi.github.io/sra-tools/

Bedtools

= “swiss army knife” for BED, GFF, SAM/BAM, VCF

= Conversion
= Annotation

= Getting sequences
= Genomic ranges

=S |ID|SIS
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Bedtools - intersect

=
—_—
AR |
-
-
.

A intersect B

1 database

A intersect 8 - —_————
(-wa) et S ‘

A intersect B = —
(-v)

Intersect w/

Ao e s
Bl | a1 ! Bz T

B2 B2 B2

Intersect w/
2 or more databases

A intersect B1 B2

A intersect B152 ' A’l - ; ! AZ 7A3

-wa -wh) . — J L N i
——— w/ Bl BL.2, B2 w/ B2.2 w/ Bl.3 Bl4
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GATK

= GATK is a genomic toolbox for various operations related mainly to genomic
variants calling
= QOperations include producing a variant file *.vcf from an alignment file *.bam

module load gcc/4.8.2 gdc java/1.8.0 73

gatk/3.5jJava —-jar GenomeAnalysisTK.jar -T UnifiedGenotyper -R
ref/human glk b37 20.fasta -I bams/exp design/NA12878 wgs 20.bam -o
sandbox/NA12878 wgs 20 UG calls.vcf -glm BOTH -L 20:10,000,000-10,200,000

https://software.broadinstitute.org/gatk/documentation/tooldocs/current/
https://software.broadinstitute.org/gatk/documentation/topic?name=tutorials

http://gatkforums.broadinstitute.org/gatk/discussion/7869/howto-discover-variants-
with-gatk-a-gatk-workshop-tutorial

~
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https://software.broadinstitute.org/gatk/documentation/tooldocs/current/https:/software.broadinstitute.org/gatk/documentation/topic?name=tutorials
https://software.broadinstitute.org/gatk/documentation/tooldocs/current/https:/software.broadinstitute.org/gatk/documentation/topic?name=tutorials
http://gatkforums.broadinstitute.org/gatk/discussion/7869/howto-discover-variants-with-gatk-a-gatk-workshop-tutorial

Bioinformatics software stack on EULER

= https://scicomp.ethz.ch/wiki/GDC software stack
= Commands to call modules for a specific tool
= List compiled in collaboration with Genomic Diversity Center from D-USYS

RN ID | SIS Michal Okoniewski, Scientific ITETH | 2/24/21 | 26
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Resources needed by bioinformatic tools on EULER

——m

Trimming Trimmomatic,
cutadapt
Aligners - old bowtie, bwa, many: 24 4h
SHRIiIMP, tophat
Aligners - RNAseq STAR, subread many: 24 65G 4h
Aligners - optimized hisat2 many: 24 4h
Conversion tools Samtools, bcftools 1 4h
Counting featureCount 1 4h
De-novo assembly Spades, velvet many 256GB-1T 24h or more
Variant calling GATK, pileup many 256GB 24h
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Thank you!
Using genomic software on Euler




