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Our RNA-Seq Demo Data

\\4’
I~ N/ We will be assembling two conditions of
s SR 5 asve Yeast - diauxic shift and heat shock.
SR TBE, Q‘< ~ Welll refer to these as ds and hs for the
}/.‘ ) | — TN ~
(ONL2 D 4 class.
\ ' Fv
’;\ . . .
N\ Schizosaccharomyces pombe (fission
N— AN yeast). The data are paired-end 76bp
il = \5\ D> 2ot i /> RNA-Seq reads.
"\ » ‘. Y ,/') -
§‘\.‘\‘\ N \ <
\ e R I’'m following the tutorial from Trinity’s
Fission Yeast courtesy of Dr. Takeshi Hayashi glthUb page:

https://github.com/trinityrnaseq/RNASeq_Trinity_Tuxedo_Workshop/wiki/Trinity-De-novo-Transcriptome-Assembly-Workshop

http://ncgas.org




INDIANA UNIVERSITY

Let’s get some sequence data

Shared Data ~ Visualization

Galaxy allows users to
publish their data to

share with each other. Histories
Workflows [
Visualizations

Let’s start with “Shared Data” Pages

at the top.

Then select Data Libraries
from the menu.

http://ncgas.org
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Let’s get some sequence data

—__Galaxy Analyze Data Workflow Shared Data~ Visualization~ Admin

Data Libraries

search dataset name, info, message, dbkey -,

Advanced Search

Data library name { Data library description
User Imnort Library For moving large datasets into Galaxy
Workshop Data Learning sets of RNA-Seq data
] name |3
Choose Workshop Data. E—
O () Bioinformatics2Go

‘ 0O (] Galaxy Workshop 2016
O [ Galaxy Workshop 2018

http://ncgas.org

Then Bioinformatics2Go
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Let’s get some sequence data

Check Then click “to History”

the box

DATA |BRARIES , showing 5 of 5 items () include deleted = +®8 | +B~ | & toHistory = & Download v | x Delete | @ Details © He

Li es  Galaxy Workshop 2018

o name |} description datatype size time updated (UTC)

) Q w
) 3
c) Qw
) 9 o
) Q w

showing 5 of 5 items

http://ncgas.org




INDIANA UNIVERSITY

Let’s get some sequence data

Import into History

Select history: | Unnamed history

or create new: New History with great description|

Import Close

You may choose to add the data to an existing history
or create a new one.

http://ncgas.org
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Let’s get some sequence data

Data Set iS imp()rted! J Selected datasets imported into history.
Click on the green button

tO gO tO |t data type size time updated (U

Click this to start analyzing it.

If you missed the green button (it disappears quickly!),
you can always get back to the home page by clicking “Analyze Data”.

Analyze Data Workflow  Shared ~  Visualiz ~ Ad lp - rv =s= Using 1.9 TB
showing 5 of 5 items include deleted <+ +kh~ & to History & Download ~ % Delete © Details © Help
Galaxy Workshop 2018
description data type  size time updated (UTC)

http://ncgas.org
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Who doesn’t see this?

Analyze Data Workflow Shared Data Visualization Admin Help User Using 1.9 TB
Tools ok History <~ & [0
search tools [ search datasets 0
Get Data Unnamed history
Send Data 5 shown
Collection Operations 448 KB o e

e NATIONAL CENTER FOR e
T GENOME ANALYSIS SUPPORT "™ °7*

4:Sp hs.left.fq @ & X

Quality Control INDIANA UNIVERSITY
DNA Assembly 3:Sp dsrightfqa @ 4 x

RNA Assembly
Assembly Statistics

2:Sp ds.left.fq @ & X

‘ O Welcome to the Galaxy Instance at Indiana University

Picard 1: genome.fa @ & X

Bedtools

i )
S Thank you for choosing Galaxy!

Slides for our July Galaxy talks (part of the Bioinformatics Clinic) are available:
A Short Demo on RNA-Seq_using_the Tuxedo Suite

A Short Demo on RNA-Seq_using Trinity

de-novo RNAseq Guide to Workflows for Automating_Galaxy

Run BLAST+ Moving_Large Data onto Galaxy

Galaxy for Data Provenance

Alignment tools

Tuxedo Suite

http://ncgas.org
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Step 1: Assess the Quality of Inputs

Quality Control

Trim Galore! Quality and
adapter trimmer of reads

We will first get an Pro tip: Use the
Trimmomatic flexible read

Idea Of the quallty Of trimming tool for [llumina NGS SearCh bar tO flnd
our input data sets. data tools

Trim sequences

Cutadapt Remove adapter
sequences from Fastq/Fasta Tools o

The FastQC tool will

produce graphical

output that makes it

easy to gauge the

characteristics of the

data — quality,

patterns, biases, gc

content etc.

Compute quality statistics
< fastqc | 0>

Draw nucleotides distribution
chart

Filter Fastg reads by quality
score and length

Fastq Quality Trimmer by
sliding window

Fastq Groomer convert between
various FASTQ quality formats

FastQC Read Quality reports

Bar chart for multiple columns

Boxplot of quality statistics

Quality Control

FastQC:Read QC reports using
FastQC

Workflows
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Step 1: Assess the Quality of Inputs

Choose any left or right reads file and run it.
Compare your results with your neighbors’.

FastQC Read Quality reports (Galaxy Version 0.70) w Options
Short read data from your current history

)| @ 0O | |5:Sp_hs.right.fq -

Contaminant list

9 ﬁ] O | | Nothing selected v
Leave elfmited file with 2 columns: name and sequence. For example: lllumina Small RNA RT

these as Primer CAAGCAGAACACGGCATACGA

defaults. Submodule and Limit specifing file
m O | | Nothing selected -

a file that specifies which submodules are to be executed (default=all) and also specifies the
thresholds for the each submodules warning parameter
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Step 1: Assess the Quality of Inputs

. @ er base sequence quali
The input data usually SELS* base sequence quality
deClineS in quality aS the Zz I:”_“_”_”—IH Hﬂﬁuﬁﬁ/’é‘coresacrossaIIbases(Sanger/lIlurTnj1.9encodir};) ; - -
reads progress. . \ il i ﬁ

The quality score is . Ill
assigned by the . "
sequencing machine as
it reads each base. ltis a
rough estimate of how
ambiguous the signal is.

Sequence: ATGCET

Quality Score: 39382319 3 3

http://ncgas.org
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Step 2: Trim Input Sequences

We've determined that the input data
sets need some work before they are

used in downstream processes.

We'll use Trimmomatic to trim reads

based on quality score.

Run it on each Pair.

http://ncgas.org

Quality Control

Trim Galore! Quality and
adapter trimmer of reads

Trimmomatic flexibi. read
trimming tool for I’ .nina NGS

Qadia

Trim sequences

Cutadapt Remove adapter
sequences from Fastq/Fasta

Compute quality statistics

Draw nucleotides distribution
chart

Filter Fastg reads by quality
score and length

Fastg Quality Trimmer by
sliding window

Fastg Groomer convert between
various FASTQ quality formats

FastQC Read Quality reports

Bar chart for multiple columns

Boxplot of quality statistics
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Step 2: Trim Input Sequences

Single-end or paired-end reads?

SeleCt Pa"'ed_end Paired-end (two separate input files)
reads (two files). |

Single-end

ot Bkt
Left = R1, Right = R2. v —

Paired-end (as collection)

2: Trimmomatic Operation

Select Trimmomatic operation to perform I nse rt an
Drop reads below a specified length (MINLEN) Operatlon to Set
Minimum length of reads to be kept ..
e the Minimum
< Insert Trimmomatic Operation Length to 26 -

http://ncgas.org
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Trimmomatic flexible read trimming tool for v Options
Illumina NGS data (Galaxy Version 0.36.4)

Ste p 2 - Tri m I 1] p ut Single-end or paired-end reads?

Paired-end (two separate input files) v
S Input FASTQ file (R1/first of pair)
eq uences (O | €1 0O ||2:Sp_ds.left.fq v
Input FASTQ file (R2/second of pair)
O | & 0O || 3:Sp_ds.right.fg v
F " I I t th Trimmomatic Operation
I n a y, Se e ave ra g e 1: Trimmomatic Operation |
| .t t 2 5 Select Trimmomatic operation to perform
q u a I y SCO re O ) Sliding window trimming (SLIDINGWINDOW) v

Number of bases to average across

4

YO u r Ch a ng ed Setti ngs Average quality required

should look like the ones 25
{o the ”g ht 2: Trimmomatic Operation @

Select Trimmomatic operation to perform
Drop reads below a specified length (MINLEN) v
Minimum length of reads to be kept

26
http://ncqas

< Insert Trimmomatic Operation
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Pro Tip: Rerunning Jobs

If you have to repeat a task but
with different inputs, use the
rerun feature.

Click on one of the outputs
from the Galaxy run and look
for the two arrows.

This allows you to easily check
what parameters you used
before.

http://ncgas.org

6: TrimmomaticonSp @ 4 %
hs.left.fq (R1 paired)

16.0 MB
format: fastqsanger, database: ?

TrimmomaticPE: Started with
arguments:

-threads 4 -phred33
fastq_rl.fastgsanger
fastq_r2.fastgsanger
fastg_out_rl_paired.fastgsanger
fastq_out_r1_unpaired.fastqsanger
fastq_out_r2_paired.fastgsanger
fastq_out_r2_unpaired.fastqsanger
SLIDINGWINDOW:4:20 M

B 6 W ? » ®

COT R G ECET I - 100: 10004 :15548/

CGCCACGAGGTGCAGGGGGGATACCGGAAAGCTCA/
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Pro Tip: Tidying History

You can hide or delete datasets ~ % [rimmomaticonSph © ¢4 x
, s.right.fq (R2 unpaired)
that you know you don’t want to

; 8: TrimmomaticonSp h @ 4 %
use in the future. s.leftfq (R1 unpaired)

7: TrimmomaticonSp h @ 4 x
This does not delete anything B —
from disk unless you take an Sl KRR
extra step. You can undelete if
you nheed to.

5: Sp_hs.right.fq @ 4 X

4: Sp _hs.left.fq @ &S RN

Take out the (R1 unpaired) and (R2 unpaired) results using the X.

http://ncgas.org
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Step 3: Rinse, Repeat

Now that the files are trimmed, we will re-assess their
quality. If necessary, keep trimming away until you are
satisfied with the input files.

Run FastQC again on the newly trimmed
version of the file you ran before.

http://ncgas.org
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Step 3: Rinse, Repeat

Pictured are some left and right reads after trimming is complete.
These will do!

Quallty scores acr | bases (sanger / liumina 1.9 encocing)

0ss all 1.9
38 | ” ” O ORI ‘|' Quality scores across all bases (Sanger / llumina 1.9 encoding)
N HHHEBEHA (ST THIETAIETAIE =8 0 T e v
NHARR LI R i O “!“"===I.“""'IIHHI'"'""ll
BRI ] o S
s W HEEEHH R ’ HHHHREEEEE AT
32 THHELL L HH
Hininis 32
30 —
30
28
ok 28
26 —---
L1 26
24 24
22 2
20 20
18 18
16 16
14 14
12 12
10 10
8 8
6 6
a4 a4
2 2
0 o 123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 S3 55 57 59 61 63 65 67

123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 S5 57 59 61 63 65 67

Position in read (bp) Position in read (bp)

http://ncgas.org
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Step 4: Assembly

Next we will put the reads
together to create a complete
picture of the actively
transcribed genes of the
sample organism.

Trinity is a de novo assembler
that gives good results for
RNA-seq. We will use it to
assemble our reads.

Tools &
search tools (%)

Get Data

Send Data

Collection Operations
Text Manipulation
Fastq manipulation tools
Convert Formats
Quality Control
DNA Assembly
RNA Assembly
rnaSPAdes assembler for
" .A-deq data

Trinity de novo assembly of
RNA-Seq data

Assembly Statistics
» rd

Bedtools

Samtools
Alignment tools
Tuxedo Suite
de-novo RNAseq
Run BLAST+

Workflows
= All workflows

http://ncgas.org

Trinity de novo assembly of RNA-Seq data (Galaxy Version 2.4.0.0) v Options
Paired or Single-end data?
Paired v

Left/Forward strand reads

@ [0 || 25:genome.fa
13: Trinity on data 10, data 6, and others: Assembled Transcripts
10: Trimmed Sp_hs.right
9: Trimmed on Sp_hs.left
6: Trimmed Sp_ds.right 4

(--left)

Right/Reverse strand reads

@ [ || 25:genome.fa
13: Trinity on data 10, data 6, and others: Assembled Transcripts
10: Trimmed Sp_hs.right
9: Trimmed on Sp_hs.left
6: Trimmed Sp_ds.right 4

(--right)
Strand specific data
Yes | No
Jaccard Clip options
Yes | No
set if you expect high gene density with UTR overlap (--jaccard_clip)
Run in silico normalization of reads
Yes | No

Defaults to max. read coverage of 50. (--normalize_reads)

Additional Options »
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Step 4: Assembly

Left/Forward strand reads

| @ | O || 25: genome.fa

B 13: Trinity on data 10, data 6, and others: Assembled Transcripts
10: Trimmed Sp_hs.right

: Trimmed on Sp_hs.left

: Trimmed Sp_ds.right

: Trimmed Sp_ds.left

: Sp_hs.right.fq

: Sp_hs.left.fq

: Sp_ds.right.fq

: Sp_ds.left.fg

Use ctrl or command + click to
select multiple datasets at
once. You may also shift+click
to select blocks.

=N WA O

4
(--left)
Right/Reverse strand reads

| @ | O || 25: genome.fa
— 13: Trinity on data 10, data 6, and others: Assembled Transcripts

,
Select the two left files and O T o Se o

the two right files for their
5: Trimmed Sp_ds.left

respective boxes. 4: Sp_hs.right.fq
3: Sp_hs.left.fq

: 2: Sp_ds.right.fq
Not 'other options need to be - Sp_ds.left.fq
set!

(--right)

http://ncgas.org
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Step 5: Assessing Quality of Assembly

Important statistics for assembly quality:
Contig Length Distribution

Assemblies will typically produce a
number of complete contigs representing
whole transcripts, and a large number of
partial transcripts. This biases the
average contig length toward the low
end. The NS0 is a measure weighted by
total sequence length in the assembly.

50bp
N50 = 9 Average Contig
Total Sequence: 10@bp l @ Length = 4.5
_——____-------Illlllll
10 9 5 4 3 3 22211111111

Cont1gs sorted by length

http://ncgas.org
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Step 5: Assessing Quality of Assembly

Getting these
stats in Galaxy:

—.aauLation
Statistics

= assemblystats Summarise an
assembly (e.g. NSO metrics)

Summary Statistics for ~~

Run assemblystats to
get a summary and
histograms of your
contig length
distribution.

Galaxy

Tools

Import Data

Data Manipulation
Quality Control

De novo Assembly
Mapping and Alignments
Run Blast+

Run Blast+ on Open Science
Grid

Annotation
Statistics

= assemblystats Summarise an
assembly (e.g. NS0 metrics)

| 4

Summary Statistics for any
numerical column

Count occurrences of each
record

Correlation for numeric
columns

Generate A Matrix for using PC
and LDA

Perform LDA Linear
Discriminant Analysis

Draw ROC plot on “Perform
LDA" output

T Test for Two Samples

Compute g-values based on
multiple simultaneous tests

<

search tools [x]

¢ [ (B~ Google

Analyze Data Workflow Shared Datav Visualizationv Admin

assemblystats (version 1.0.1)

Type of read:
Isotig (if from transcriptomic assembly) =

Is this from an genomic (contig) or transcriptomic assembly (isotig) or are these raw reads
(read)

Output histogram with bin sizes=1:

Use this to specify whether or not bin sizes of 1 should be used when plotting histograms
Source file in FASTA format:
84: Trinity on data 20 and data 21: Assembled Transcripts

Summarise assembly overview

This script is used to give summary statistics of an assembly or set of reads. Typically this is
run after an assembly to evaluate gross features.

# Gives back # - N50 # - num of contigs > 1 kb # - num of contigs # - Read or Contig
Histogram and graphs. # - Summed contig length (by number of contigs, in sorted order)

History e
=AU

Image in png format

240: Sorted contigs @ R
31,274 sequences
format: fasta, database: ?

HOD

>compl_cB_seql len=15435 path=[1:0-
TAAARARACATARAAATTATTTTTTAAAGATGACT!
CTTAATTATAAGCATTAAAATTATAAAAAGATACA
TTAAACTAAAATGAGAGCTAATGTTTTAAAAAAACI
TTTTTCTTAARAAAAGAAAAGTAGTCTTTAAAAAAY
TAATAAAAGACTCATTTATCACATAATGATTATTT

239: Assembly statistics @ § X
29 lines, S comments
format: tabular, database: ?

&l

Statistics for isotig lengths:
Min isotig length:
Max isotig length:
Mean isotig length:
Standard deviation of isotig leng

Median isotig length:

http://ncgas.org
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Step 5: Assessing Quality of Assembly

Type of read

Isotig (if from transcriptomic assembly)
Is this from an genomic (contig) or transcriptomic assembly (isotig) or are these raw reads (read)

Output histogram with bin sizes=1

Yes No \
Use this to specify whether or not bin sizes of 1 should be used when plotting histograms
Source file in FASTA format

\ 0 ‘ @& O 13: Trinity on data 10, data 6, and others: Assembled Transcripts

Return all output files

| Yes ‘ No
If checked, all output files will be displayed. If not checked, only the file '"Assembly Statistics' will be provided.

Choose Isotig (since this is RNA) and return all
output files. Make sure you are looking at the
Trinity assembled transcripts

http://ncgas.org
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Step 8: Differential Expression

de-novo RNAseq

Generate gene to transcript

map for Trinity assembly We threw everything into the Trinity assembly, but
DESeq2 Determines now we need to compare each Condition to that
differentially expressed

features from count tables assemb|y USing RSEM

STAR-Fusion detect fusion
genes in RNA-Seq data

htseq-count - Count aligned You will want to run RSEM twice — once for:
B ds left, ds right

RSEM abundance estimation And fOI":

::)::3:21:2 estimate transcript hS |eft, hS rlght

abundance estimation to _matrix
Join RSEM estimates from
multiple samples into a single
matrix

EdgeR differentialExpression
Identify Differentially Expressed
Transcripts Using EdgeR

Analyze Differential Expression
Analyze differential expression

http://ncgas.org
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Step 8: Differential Expression

RSEM_abundance_estimation run RSEM to estimate transcript abundances w Options

(Galaxy Version 0.0.1)

Transcripts Fasta Here's an example
(Y | @&  © | 15: Trinity on data 12, data 8, and others: Assembled Transcripts v for the DS dataset.

Fasta sequences against which reads are aligned. This may be the Assembled Transcripts file

from Trinity.

Paired or Single-end data? Rerun the JOb and
Paired - change the two
Left/Forward strand reads reads files to run the

| &  © |7 Trimmomatic on Sp_ds.left.fq (R1 paired) v HS set as well.

Right/Reverse strand reads
| A O 8: Trimmomatic on Sp_ds.right.fq (R2 paired) v
Strand-specific Library Type

None v

http://ncgas.org
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Pro Tip: Renaming History ltems

Let’'s rename the RSEM results 16: RSEM abundance. @ 4 x
. timati data 2,
to RSEM HS isoform counts, s 'a‘:,';‘;';taagf,so— teributes
HS gene counts, DS isoform 372 lines
CountS and DS gene CountS format: tabular, database: 2
, Settings:
. Output files:
Use the penC|| next to the name "/N/dcwan/nroiects /ncaas/inaalaxv
of the history item, change
the name, then click on
Save attrIbUteS' Edit attributes O Auto-detect [B) Save attributes

Name:

RSEM DS Isoform Counts

http://ncgas.org
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Step 8:
Differential

map for Trinity assembly

Expression e —

differentially expressed
features from count tables

STAR-Fusion detect fusion

NeXt’ we Want tO pUt genes in RNA-Seq data
these two together htseg-count - Count aligned
reads in a BAM file that overlap
SO we can IOOk at the features in a GFF file
. . RSEM abundance estimation
counts Slde-by-SIde_ run RSEM to estimate transcript

2 _L.uances

abundance estimation_to_matrix
Join RSEM estimates from

The Output IS a multiple samples into a single

matrix

‘matrix’, just a table

EdgeR uiiiciciiciwicapi€55i0N

Identify Differentially Expressed
Of Counts' Transcripts Using EdgeR

Analyze Differential Expression
Analyze differential expression
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Step 8: Differential Expression

abundance_estimation_to_matrix Join RSEM estimates from w Options
multiple samples into a single matrix (Galaxy Version 0.0.1)
Add tWO estimates RSEM abundance estimates for samples
1: RSEM abundance estimates for samples Ty
and use the Gene
Add file
counts from each of O] @ | © | [23: Rsem DS Gene counts -
your RSEM runs. column label
Make sure the labels as
make sense and 2: RSEM abundance estimates for samples Ty
d 't Add file
ontuse zan
y )| & [ || 25: RSEM HS Gene counts v

characters.

column label

hs

— + Insert RSEM abundance estimates for samples
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P

Step 8: Differential Expression

Now we’ll use EdgeR to see if
there is a significant difference
between the counts in one
condition vs. the other, for each
gene.

http://ncgas.org

de-novo RNAseq

Generate gene to transcript
map for Trinity assembly

DESeg2 Determines
differentially expressed
features from count tables

STAR-Fusion detect fusion
genes in RNA-Seq data

htseg-count - Count aligned
reads in a BAM file that overlap
features in a GFF file

RSEM_abundance estimation
run RSEM to estimate transcript
abundances

abundance estimation to _matrix
Join RSEM estimates from
mi!** L sampies inw « - ~nle
matrix

EdgeR differentialExpression
Identify Differentially Expressed
Transcripts Using EdgeR

Anaiy.. TNiffaranti~l T ¢ssion
Analyze differential expression




P

INDIANA UNIVERSITY

Step 8: Differential Expression

Use the Counts matrix and the Trinity assembled transcripts.

EdgeR_differentialExpression Identify Differentially Expressed Transcripts Using EdgeR v Options
(Galaxy Version 0.0.1)

Matrix of RNA-Seq fragment counts for transcripts per condition

Q ¢ O 20: abundance_estimation_to_matrix on data 19 and data 17: Counts Matrix v
Transcripts fasta file corresponding to matrix

E & O 9: Trinity on data 2, data 6, and others: Assembled Transcripts v
dispersion value

0.1

Dispersion value to be used in the negative binomial

http://ncgas.org
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Step 8: Differential Expression

The last step is to visualize the results
from the statistical analysis.

http://ncgas.org

de-novo RNAseq

Generate gene to transcript
map for Trinity assembly

DESeg2 Determines
differentially expressed
features from count tables

STAR-Fusion detect fusion
genes in RNA-Seq data

htseg-count - Count aligned
reads in a BAM file that overlap
features in a GFF file

RSEM_abundance estimation
run RSEM to estimate transcript
abundances

abundance estimation to _matrix
Join RSEM estimates from
multiple samples into a single
matrix

EdgeR_differentialExpression
12 _.wury Differentially Expre.-~d
Transcripts Using EdgeR

Analyze Differential Expression
Analyze differential expression
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Step 8: Differential Expression

Use the EdgeR results and the TMM matrix to do this.

Analyze_Differential_Expression Analyze differential expression (Galaxy Version 0.0.1) v Options
EdgeR tar gz file

& O 20: EdgeR_differentialExpression on data 13 and data 19: EdgeR_Results.tar.gz v
TMM Normalized FPKM matrix

| @& O 19: abundance_estimation_to_matrix on data 17 and data 15: TMM EXPR Matrix v
P-value

0.1
C-value

0.0

http://ncgas.org
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Step 8: Differential Expression

You should get
some kind of
pretty heatmap —
the hard part now
is to interpret your
results =)

Color Key

samples vs. features
diffExpr.P0.05_C0.0.matrix.log2.centered

-2 0 2
Value

I

{
4

1

http://ncgas.org
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Step ..?

RNA-Seq is a very versatile technology. You can use the data for:

« Gene discovery based on transcripts

« (Genome evidence — introns, exons, junction

« (Gene expression patterns in multiple samples
« SNP calling/other variants

* Protein divergence between samples

We have gotten to the assembly step, but there is a lot to learn about
the data now that it is put together. A foundation in the use of Galaxy
coupled with Indiana University resources will enable you to reach
these goals.

http://ncgas.org
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Fin

Thanks for watching!
Questions and comments:
Email help@ncgas.orqg

http://ncgas.org




