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Chapter 1

Using the Legacy RNA-Seq Plugin

This manual describes legacy RNA-Seq analysis functionality that was part of the CLC Genomics
Workbench up until version 7.0 where it was replaced by a new RNA-Seq tool based on tracks.

One of the differences between the new and the old version is the algorithm used to map the
reads. The old algorithm was more memory-efficient than the new one is when launching version
7.0 of CLC Genomics Workbench 1. This means that running RNA-Seq analysis on e.g. human
data will not be possible on small laptops with the new version, and therefore we have made it
possible to install a plugin to re-establish the old RNA-Seq analysis.

Furthermore, the results are not completely identical. There are a few differences in the way
reads are mapped. These differences are only significant when comparing expression across
samples where we recommend that the same RNA-Seq analysis tool is used for all samples.

1.1 Introduction

Based on an annotated reference genome and mRNA sequencing reads, the CLC Workbench is
able to calculate gene expression levels as well as discover novel exons. The key annotation
types for RNA-Seq analysis of eukaryotes are of type gene and type mRNA. For prokaryotes,
annotations of type gene are considered.

The approach taken by the CLC Workbench is based on [Mortazavi et al., 2008].

The RNA-Seq analysis is done in several steps: First, all genes are extracted from the reference
genome (using annotations of type gene). Other annotations on the gene sequences are
preserved (e.g. CDS information about coding sequences etc). Next, all annotated transcripts
(using annotations of type mRNA) are extracted. If there are several annotated splice variants,
they are all extracted. Note that the mRNA annotation type is used for extracting the exon-exon
boundaries.

An example is shown in figure 1.1.

[Splice variant 2 | I
Splice variant 1

[Gene

s

Figure 1.1: A simple gene with three exons and two splice variants.

LIn later versions, this will be improved.



CHAPTER 1. USING THE LEGACY RNA-SEQ PLUGIN 5

This is a simple gene with three exons and two splice variants. The transcripts are extracted as
shown in figure 1.2.

,
Splice variant 1 |
GGACAGTGTCGGAGATCCGCTCGCGCGCGGAAGTACTGCAAAATACAACGTGATCACATTCCTTCCGAG!

I

Splice variant2
GGACAGTGTCGGAGATCCGCTCGCGCGCGGAAGGTTATGAGAAGACAGATGATGTTTCAGAGAAGACCT!

Figure 1.2: All the exon-exon junctions are joined in the extracted transcript.

Next, the reads are mapped against all the transcripts plus the entire gene (see figure 1.3).

L

Splice variant 1 1
GGACAGTGTCGGAGATCCGCTCGCGCGCGGAAGTACTGCAAAATACAACGTGATCACATTCCTTCCGAG!

I

Splice variant 2 |
GGACAGTGTCGGAGATCCGCTCGCGCGCGGAAGGTTATGAGAAGACAGATGATGTTTCAGAGAAGACCT!

Gene
ACTGCGGGGAGACCTAGGCGGCTCTGCGGACGCAGCTCCTTCGCCGCCTTCCCCCTCCCGTCCAGTGCC!

Figure 1.3: The reference for mapping: all the exon-exon junctions and the gene.

From this mapping, the reads are categorized and assigned to the genes (elaborated later in this
section), and expression values for each gene and each transcript are calculated. After that,

putative exons are identified.

Details on the process are elaborated in the sections following, which describe how to run
RNA-seq analyses.

1.2 Specifying reads, reference genome and mapping settings
To start the RNA-Seq analysis, go to:
Toolbox | Legacy Tools (i-z) | RNA-Seq Analysis (legacy) (-_1-“5)

This opens a dialog where you select the sequencing reads, which should already have been
imported into the Workbench.

Click Next when the sequencing data are listed in the right-hand side of the dialog.

You are now presented with the dialog shown in figure 1.4.

RNA-Seq Analysis (legacy)
Sat parameters
1. Choose where to run
2. Select sequencing reads

3. Set references
Reference

) Use reference with annotations
Use reference without annotatiens
%¢ NC_000082 subset 's]

Extend annotated gene regions.
Flanking upstream residues |0

Flanking downstream residues |0

?2) (s Previous Next Cancel

Figure 1.4: Defining a reference genome for RNA-Seq.

At the top, there are two options concerning how the reference sequences are annotated:
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e Use reference with annotations. Typically, this option is chosen when you have an
annotated genome sequence. Choosing this option means that gene and mRNA annotations
on the sequence will be used if you choose the option Eukarotes in the next window. If you
choose the option Prokaryotes in the next window, the annotations of type gene only are
used. See section 1.2.2 for more information.

e Use reference without annotations. This option is suitable for situations like mapping back
reads to un-annotated EST consensus sequences. The reference in this case is a list of
sequences. A common situation is for a multi-fasta file to be imported into the Workbench
to be used for this purpose. Each sequence in the list will be treated as a "gene" (or
"transcript"). Note that the Workbench uses prokaryote settings here. This means that it
does not look for new exons (see section 1.3) and it assumes that the sequences have no
introns).

Just below these two options, you click to select the reference sequences.

Next, you can choose to extend the region around the gene to include more of the genomic
sequence by changing the value in Flanking upstream/downstream residues. This also means
that you are able to look for new exons before or after the known exons (see section 1.3).

When the reference has been defined, click Next and you are presented with the dialog shown in
figure 1.5.

RNA-Seq Analysis (legacy)
Set paramet 1ers
Mapping settings

1. Choose where to run
2. Select/sequencingjreads Maximum number of mismatches 2]E
3. Set references Minimum len

4. Read mapping settings Minimum nilal

Maximum number of hits for a read 0[5

¥ Strand specific alignment

Strand | Backward =

B Previous Next s Cancel

Figure 1.5: Defining mapping parameters for RNA-Seq.

Different mapping algorithms are applied when mapping the reads in sequence lists containing
only short reads (those under 56bp in length) and when mapping reads in sequence lists
containing one or more reads that are 56bp or longer. The mapping algorithm used is applied to
all reads in a given sequence list. Different algorithms are not used for particular reads within a
given sequence list.

Accordingly, the mapping parameters made available to edit via the Wizard depend on the read
lengths in the sequence lists. If at least one sequence list containing only short sequences
(those under 56bp in length) was entered, then the "Maximum number of mismatches" setting
will be available to edit. If at least one sequence list of reads containing at least one read 56bp
or longer was entered, then the "Minimum length fraction" and "Minimum similarity fraction"
settings will be available. If you have entered multiple sequence lists, some lists containing only
short reads and some lists containing at least one or more longer reads, then all the mapping
parameter settings will be made available for editing. The "Maximum number of mismatches"
setting will be used only for the mapping of the lists containing all short reads. The "Minimum
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length fraction" and "Minimum similarity fraction" settings will be used only for the mapping of
all entries in sequence lists where one or more of the reads is 56bp or longer.

The mapping parameters are:

¢ Maximum number of mismatches. This parameter is available if you have selected at least
one sequence list containing only short reads (shorter than 56 nucleotides, except in the
case of color space data, which are always treated as long reads). This is the maximum
number of mismatches to be allowed. Maximum value is 3, except for color space where it
is 2.

o Minimum length fraction. This parameter is available when at least one sequence list
entered contains sequence(s) 56bp or longer. It specifies how much of a read must match
to the reference to the level of similarity specified in the last parameter for this read to be
mapped. The default is 0.9 which means that at least 90 % of the bases need to align to
the reference.

¢ Minimum similarity fraction. This parameter is available when at least one sequence list
entered contains sequence(s) 56bp or longer. It specifies how similar the matching part of
the read should be to the reference, for that read to be mapped. When using the default
setting at 0.8 and the default setting for the length fraction, it means that 90 % of the read
should align with 80 % similarity in order to include the read.

e Maximum number of hits for a read. A read that matches to more distinct places in the
references than the '"Maximum number of hits for a read’ specified will not be mapped (the
notion of distinct places is elaborated below). If a read matches to multiple distinct places,
but below the specified maximum number, it will be randomly assigned to one of these
places. The random distribution is done proportionally to the number of unique matches
that the genes to which it matches have, normalized by the exon length (to ensure that
genes with no unigue matches have a chance of having multi-matches assigned to them,
1 will be used instead of O, for their count of unique matches). This means that if there
are 10 reads that match two different genes with equal exon length, the 10 reads will be
distributed according to the number of unique matches for these two genes. The gene that
has the highest number of unique matches will thus get a greater proportion of the 10
reads.

Places are distinct in the references if they are not identical once they have been transferred
back to the gene sequences. To exemplify, consider a gene with 10 transcripts and 11
exons, where all transcripts have exon 1, and each of the 10 transcripts have only one of
the exons 2 to 11. Exon 1 will be represented 11 times in the references (once for the
gene region and once for each of the 10 transcripts). Reads that match to exon 1 will
thus match to 11 of the extracted references. However, when transferring the mappings
back to the gene it becomes evident that the 11 match places are not distinct but in fact
identical. In this case the read will not be discarded for exceeding the maximum number of
hits limit, but will be mapped. In the RNA-seq action this is algorithmically done by allowing
the assembler to return matches that hit in the 'maximum number of hits for a read’ plus
'the maximum number of transcripts’ that the genes have in the specified references. The
algorithm post-processes the returned matches to identify the number of distinct matches
and only discards a read if this number is above the specified limit. Similarly, when a
multi-match read is randomly assigned to one of it’'s match places, each distinct place is
considered only once.
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e Strand-specific alignment. When this option is checked, the user can specify whether
the reads should be attempted mapped only in their forward (or reverse) orientation. This
will typically be appropriate when a strand specific protocol for read generation has been
used. It allows assignment of the reads to the right gene in cases where overlapping genes
are located on different strands. Without the strand-specific protocol, this would not be
possible (see [Parkhomchuk et al., 2009]). Also, applying the ’'strand specific’ 'reverse’
option in an RNA-seq run, to reads that did not map in a 'strand specific’ 'forward’ RNA-seq
run, will allow the user to assess the degree of antisense transcription.

There is also a checkbox to Use color space, which is enabled if you have imported a data set
from a SOLID platform containing color space information. Note that color space data are always
treated as long reads, regardless of the read length.

1.2.1 Paired data in RNA-Seq

The CLC Workbench supports the use of paired data for RNA-Seq. A combination of single reads
and paired reads can also be used. There are three major advantages of using paired data:

e Since the mapped reads span a larger portion of the reference, there will be less non-
specifically mapped reads. This means that generally there is a greater accuracy in the
expression values.

e This in turn means that there is a greater chance of accurately measuring the expression
of transcript splice variants. As single reads (especially from the short reads platforms)
typically only span one or two exons, many cases will occur where expression splice
variants sharing the same exons cannot be determined accurately. With paired reads, more
combinations of exons will be identified as being unique for a particular splice variant.2

e It is possible to detect Gene fusions when one read in a pair maps in one gene and the
other part maps in another gene. Several reads exhibiting the same pattern is supporting
the presence of a fusion gene.

At the bottom you can specify how the mapping of Paired reads should be handled. If the
sequence list used as input for the mapping contains paired reads, this option will automatically
be shown - if it contains single reads, this option will not be shown. Paired reads lists have a field
on them that describe the expected minimum and maximum distances between reads in a pair.
These are the values that are shown in the 'minimum distance’ and 'maximum distance’ fields.
The RNA-seq read mapper relies on these distances to determine whether reads are mapped as
an intact or broken pair. The user may 'over-ride’ the values on the read lists by providing his own
values in these fields. Note that for the RNA-seq read mapper, the distance between reads in a
pair is measured at the transcript and not the genomic level — that is, intron regions are ignored.

When counting the mapped reads to generate expression values, the CLC Workbench needs to
decide how to handle paired reads. The standard behavior is this: if two reads map as a pair,
the pair is counted as one. If the pair is broken, none of the reads are counted. The reasoning
is that something is not right in this case, it could be that the transcripts are not represented
correctly on the reference, or there are errors in the data. In general, more confidence is placed

2Note that the CLC Workbench only calculates the expression of the transcripts already annotated on the reference.
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with an intact pair. If a combination of paired and single reads are used, "true" single reads will
also count as one (the single reads that come from broken pairs will not count).

In some situations it may be too strict to disregard broken pairs. This could be in cases where
there is a high degree of variation compared to the reference or where the reference lacks
comprehensive transcript annotations. By checking the Use ’include broken pairs’ counting
scheme, both intact and broken pairs are now counted as two. For the broken pairs, this means
that each read is counted as one. Reads that are single reads as input are still counted as one.

When looking at the mappings, reads from broken pairs have a darker color than reads that are
intact pairs or originally single reads.

1.2.2 Finding the right reference sequence for RNA-Seq

For prokaryotes, the reference sequence needed for RNA-Seq is quite simple. Either you input
a genome annotated with gene annotations, or you input a list of genes and select the Use
reference without annotations.

For eukaryotes, it is more complex because the Workbench needs to know the intron-exon
structure as explained at the beginning of this section. This means that you need to have a
reference genome with annotations of type mRNA and gene (you can see the annotations of a
sequence by opening the Annotation Table). You can obtain an annotated reference sequence
in different ways:

e Download the reference genome sequence along with the gene annotations with the
Download button found in the upper right corner of the Workbench. For a description
of how to do this, we refer to the section in the CLC Genomics Workbench manual that
describes how to download reference genome data (http://www.clcsupport.com/
clcgenomicsworkbench/current/index.php?manual=Download_reference_genome_
data.html).

e Download the sequences from NCBI from within the Workbench. Figure 1.6 shows an
example of a search for the human refseq chromosomes.

e Retrieve the annotated sequences in supported format, e.g. GenBank format, and Import
() them into the Workbench.

e Download the unannotated sequences, (e.g. in fasta format) and annotate them using
a GFF/GTF file containing gene and mRNA annotations. Please do not over-annotate a
sequence that is already marked up with gene and mRNA annotations unless you are
sure that the annotation sets are exclusive. Overlapping gene and mRNA annotations
will lead to useless RNA-Seq results. Learn more about how to annotate with GFF at
http://www.clcbio.com/clc-plugin/annotate-sequence-with-gff-file/.

You need to make sure the annotations are the right type. GTF files from Ensembl are fully
compatible with the RNA-Seq functionality of the CLC Workbench: ftp://ftp.ensembl.
org/pub/current_gtf/. Note that GTF files from UCSC cannot be used for RNA-Seq
since they do not have information to relate different transcript variants of the same gene.

If you annotate your own files, please ensure that you use annotation types gene and, if it
is a eukarote, mRNA. To annotate with these types, they must be spelled correctly, and the
RNA part of the word "mRNA" must be in capitals.


http://www.clcsupport.com/clcgenomicsworkbench/current/index.php?manual=Download_reference_genome_data.html
http://www.clcsupport.com/clcgenomicsworkbench/current/index.php?manual=Download_reference_genome_data.html
http://www.clcsupport.com/clcgenomicsworkbench/current/index.php?manual=Download_reference_genome_data.html
http://www.clcbio.com/clc-plugin/annotate-sequence-with-gff-file/
ftp://ftp.ensembl.org/pub/current_gtf/
ftp://ftp.ensembl.org/pub/current_gtf/
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Q = NCBI search

Cheose database *) Nucleotide () Protein
All Fields +| [Nc_oooo [X]
Organism +] [human [x]
Add search parameters Start search

v Append wildcard () to search words

Hit Accession Deseription Modification Date Length
1 NC_000001 Homo sapiens chromosome 1, GRCh3 8 Primary Assembly 2014/02/03 248956422
2 NC_000002 Homo sapiens chromosome 2, GRCh38 Primary Assembly 2014/02/03 242193529 | °
3 NC_000003 Homo sapiens chromosome 3, GRCh38 Primary Assembly 2014/02/03 198295559
4 NC_000004 Homo sapiens chromosome 4, GRCh3 8 Primary Assembly 2014/02/03 190214555
5 NC_000005 Homo sapiens chromosome S, GRCh38 Primary Assembly 2014/02/03 181538259
6 NC_000006 Homo sapiens chromosome 6, GRCh38 Primary Assembly 2014/02/03 170805979
7 NC_000007 Homo sapiens chromosome 7, GRCh38 Primary Assembly 2014/02/03 159345973
8 NC_000008 Homo sapiens chromosome 8, GRCh38 Primary Assembly 2014/02/03 145138636
9 NC_000009 Homo sapiens chromosome 9, GRCh3 8 Primary Assembly 2014/02/03 138394717
10 NC_000010 Homo sapiens chromosome 10, GRCh38 Primary Assembly 2014/02/03 133797422
11 NC_000011 Homo sapiens chromosome 11, GRCh38 Primary Assembly 2014/02/03 135086622
% Download and Open | | $ Download and Save Open at NCBl | Total number of hits: 79 more...
]

Figure 1.6: Downloading the human genome from refseq.

1.3 Exon identification and discovery
Clicking Next will show the dialog in figure 1.7.

RNA-Seq Analysis (legacy)
Set parameters

1. Choose where to run
2. Select sequencing reads
3. Set references
Type of organism
4. Read mapping settings (_) Prokaryote
5. Exon identification and 2 Gler
discovery

Exon discovery
¥ Exon discovery

Required relative expression level 0.20 [
Minimum number of reads 10

Minimum length |50

G Previous Next s Cancel

Figure 1.7: Exon identification and discovery.

The choice between Prokaryote and Eukaryote is basically a matter of telling the Workbench
whether you have introns in your reference. In order to select Eukaryote, you need to have
reference sequences with annotations of the type mRNA (this is the way the Workbench expects
exons to be defined - see section 1).

Here you can specify the settings for discovering novel exons. The mapping will be performed
against the entire gene, and by analyzing the reads located between known exons, the CLC
Workbench is able to report new exons. A new exon has to fulfill the parameters you set:

e Required relative expression level. This is the expression level relative to the rest of the
gene. A value of 20% means that the expression level of the new exon has to be at least
20% of that of the known exons of this gene.

¢ Minimum number of reads. While the previous option asks for the percentage relative to
the general expression level of the gene, this option requires an absolute value. Just a few
matching reads will already be considered to be a new exon for genes with low expression
levels. This is avoided by setting a minimum number of reads here.

e Minimum length. This is the minimum length of an exon. There has to be overlapping reads
for the whole minimum length.
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Figure 1.8 shows an example of a putative exon.

Putative Exon

Figure 1.8: A putative exon has been identified.

1.4 RNA-Seq output options

Clicking Next will allow you to specify the output options as shown in figure 1.9.

RNA-Seq Analysis (legacy)
Result handlin
1. Choose where to run o
Qutput options.
2. Select|sequenclngjreads | Create list of un-mapped sequences
3. Set references Create report

4. Read mapping settings

6. Result handlin
g Calculate RPKM for genes without transcripts

Expression value | Genes: RPKM

Result handling
() Open
+) Save

Log handling
Open log

(2 (sn) Previous Next rish Cancel

Figure 1.9: Selecting the output of the RNA-Seq analysis.

The Output options are:

e Create list of un-mapped sequences. Creates a list of the un-mapped sequences (marked
with a red arrow in figure 1.9). This list can be used to do de novo assembly and perform
BLAST searches to see whether you can identify new genes or otherwise further investigate
the results.

e Create report. Creates a report of the results. See RNA-Seq report below for a description
of the information contained in the report.

o Create fusion gene table. An option that is enabled when using paired data. Creates
a table that lists potential fusion genes. This, along with the Minimum read count, is
described further below in section Gene fusion reporting.

The standard output for the RNA-Seq analysis is a table showing values for each gene. From
the table, mappings can be opened individually by clicking on the button labeled Open mapping
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found at the bottom of the table or by double clicking on one of the entries in the table (see more
below). For eukaryotes, the expression of individual transcripts is also reported.

The expression measure for use in further analysis can be specified under Expression value:

e Calculate RPKM for genes without transcripts. For eukaryotic annotated genomes, specify
whether RPKM-like values should be generated for gene features without mRNA annotations.
Such features, like small RNAs and tRNAs, have no exons, and thus no exon lengths, which
are used in calculating RPKM. When ticked, the "gene length" will be used in place of an
"exon length" in the RPKM formula for genes without a corresponding mRNA feature. If this
option is not ticked, genes with no mRNA annotations will have given an RPKM value of O.

e Expression value. The expression measure for use in further analysis can be specified at
this point. By default, this is set to Genes RPKM.

The value chosen for measuring expression is used for viewing your RNA-seq results (section 1.5),
and for carrying out downstream expression analysis. You can change this to a different value at
a later point by opening the result and set the Expression value at the bottom of the table.

1.4.1 RNA-Seq report
An example of the result of the option Create report is shown in figure 1.10.

The report contains the following information:

e Sequence reads. Information about the number of reads.
¢ Reference sequences. Information about the reference sequences used and their lengths.

e Reference. Information about the total number of genes and transcripts (for eukaryotes
only) found in the reference.

o Transcripts per gene. A graph showing the number of transcripts per gene. For eukaryotes,
this will be equivalent to the number of MRNA annotations per gene annotation.

e Exons per gene. A graph showing the number of exons per gene.
e Exons per transcript. A graph showing the number of exons per transcript.
e Mapping statistics. Shows statistics on:

— Counted fragments. The number of mapped reads. This number is divided into
uniquely and non-specifically mapped reads (see the point below on match specificity
for details).

— Uncounted fragments. The number of unmapped reads.
— Total fragments. This is the total number of reads used as input.

o Paired reads. (Only included if paired reads are used). Shows the number of reads mapped
in pairs, the number of reads in broken pairs and the number of unmapped reads.
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(5] Reads-paired ...

. W Ferortsetings . %)
1 Selected input sequences ,.*‘:E =
 Table of Contents
1.1 Sequence reads w 1Selected input sequences
1.1 Sequence reads
Name Number of reads Longest read paired
= 1.2 Reference Sequences
Reads-paired 9,874,050 80|yes 1 - o ReTerenere

2.1 Transcripts per gene
2.2 Exans per gene
2.3 Exons per transcript
 3Mapping statistics
3.1 Fragment counting
3.2 Paired reads
3.3 Match specificity (paired)
3.4 Paired distance
4 Detailed mapping statistics
¥ Text format

For 'paired' data, there are two reads’ in a pair.

1.2 Reference Sequences

Name Number of sequences Longest sequence
MNC_000017 1 81,195,210

2 References
Input contained 1,798 genes and 1,928 transcripts.

2.1 Transcripts per gene

Transcripts per gene

-]
o
=]

2]
=]
=]

[ w
o o
2 o

Number of genes
- -~
o o
=} =)
IlJl]IlII]IlILJHILIHIIIIIIIIIJIJI]I

0 I | .
@ by 7 7 ey
4 4 %, C 2, 9
Transcripts

[ 2

=] b

Figure 1.10: Report of an RNA-Seq run.

e Match specificity. Shows a graph of the number of match positions for the reads. Most
reads will be mapped O or 1 time, but there will also be reads matching more than once
in the reference. This depends on the Maximum number of hits for a read setting in
figure 1.4. Note that the number of reads that are mapped O times includes both the
number of reads that cannot be mapped at all and the number of reads that matches to
more than the 'Maximum number of hits for a read’ parameter that you set in the second
wizard step. If paired reads are used, a separate graph is produced for that part of the
data.

e Paired distance. (Only included if paired reads are used). Shows a graph of the distance
between mapped reads in pairs.

o Detailed mapping statistics. This table divides the reads into the following categories.

— Exon-exon reads. Reads that overlap two exons as specified in figure 1.13.

— Exon-intron reads. Reads that span both an exon and an intron. If you have many
of these reads, it could indicate a low splicing-efficiency or that a number of splice
variants are not annotated on your reference.

— Total exon reads. Number of reads that fall entirely within an exon or in an exon-exon
junction.
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— Total intron-exon reads. Reads that maps across an intron-exon boundary of the gene.

— Total gene reads. All reads that map to the gene and it’s flanking regions. This is the
mapped reads number used for calculating RPKM, see definition below.

For each category, the number of uniquely and non-specifically mapped reads are listed as
well as the relative fractions. Note that all this detailed information is also available on
the individual gene level in the RNA-Seq table (%) (see below). When the input data is
a combination of paired and single reads, the mapping statistics will be divided into two
parts.

Note that the report can be exported in pdf or Excel format.

1.4.2 Gene fusion reporting

When using paired data, there is also an option to create a table summarizing the evidence for
gene fusions. An example is shown in figure 1.11.

BR300 3dIn... x

Rows: 198,834 Broken Pairs Filter: )]
Reference  Start End Matchcount  Annotations  Materefere,.. Matestart  Mateend Mate match... Mate annet...
Gs1 813 1045 1€DS, mANA  Lepd 348 581 1C0S, mANA  ~
Gs1 813 1045 1€DS, mRNA  Lepd 353 586 1 CDS, mANA
CG3645 698 930 2 CDS, mRNA  CG3345 2026 2258 2 CDS, mRNA
CG3645 1461 1693 2 DS, MRNA  CG3345 1264 1495 2 CDS, MRNA
CG3645 2410 %33 2 DS, MRNA  CG3345 414 644 2 CDS, MRNA
CG3345 269 509 1CDS, mRNA  CG3645 2015 2247 1 CDS, MRNA
CG3345 874 1108 2CDS, mRNA  CG3645 1519 1751 2 CDS, mRNA
CG3625 3287 3520 2CDS, mRNA  CG11552 1364 1567 2 CDS, MRNA
CG3625 3366 3598 2 DS, mRNA  CG11592 1451 1682 2 CDS, mRNA
CG3625 3289 3521 2 DS, mRNA  CG11592 1363 1595 2 CDS, MRNA
CG3625 2378 %11 2CDS, mRNA  CG11592 101 334 2 CDS, mRNA
CG11552 1196 1424 2CDS,mRNA  CG3625 3455 3652 2 CDS, MRNA
CG11552 1196 1425 2CDS,mRNA  CG3625 3456 3585 2 CDS, mRNA
CG11592 864 1097 2 DS, mRNA  CG3625 2796 2979 2 CDS, mRNA
CG11592 1273 1505 2 DS, mRNA  CG3625 3544 3775 2 CDS, mRNA
CG11592 1198 1430 2 CDS,mRNA  CG3625 3454 3586 2 CDS, mRNA
CG11592 1273 1505 2 CDS,mRNA  CG3625 3544 377 2 CDS, mRNA
Plcz1C 12913 13151 2 DS, mRNA  CG11912 483 715 2 CDS, mRNA
Flcz1c 12962 13194 2 CDS, mRNA  CG11912 11 243 2 CDS, mRNA
Plc21C 12753 12985 2CDS,mRNA  CGL1912 644 876 2 CDS, MRNA
Plc21C 12754 12986 2 DS, mRNA  CGL1912 645 877 2 CDS, MRNA
Flc21C 12712 12844 2CDS, mRNA  CG11912 535 767 2 CDS, MRNA
Flc21C 12945 13177 2CDS, mRNA  CG11912 17 249 2 CDS, mRNA
Plc21C 13035 13267 2 DS, mRNA  CG11912 37 611 2 CDS, mRNA
Plc21C 12748 12980 2.CDS, mRNA  CG11912 638 872 2 CDS, mRNA
Plc21C 12925 13157 2CDS,mRNA  CG11912 %67 700 2 CDS, MRNA
Plc21C 12925 13157 2CDS, mRNA  CG11912 467 700 2 CDS, mRNA
Plc21C 12924 13156 2CDS,mRNA  CG11912 465 701 2 CDS, mRNA
Plc21C 12733 12965 2 DS, mANA  CG11912 540 872 2 CDS, mRNA
Plc21C 12536 12768 2 DS, mANA  CG11912 292 724 2 CDS, mRNA
Plc21c 12733 12965 2 DS, mRNA  CG11912 540 872 2 CDS, mRNA
Plc21c 12828 13062 2 DS, mRNA  CG11912 545 881 2 CDS, mRNA
Plcz1c 12666 12898 2 CDS, mRNA  CG11912 351 585 2.CDS, mRNA <

Figure 1.11: An example of a gene fusion table.

The table includes one row for each broken read pair where the reads are placed in different
genes. The Minimum read count option is used to make sure that only combinations of genes
supported by at least this number of read pairs are included. The default value is 5, which means
that at least 5 broken pairs need to connect two genes, in order to include the broken pairs for
this gene combination in the result table.

The result table shows the following information for each read:

e Reference. The name of the reference sequence (the name of the gene).
e Start. The position where the alignment of the read starts.

e End. The position where the alignment of the read ends.
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e Match count. How many other positions this read could have mapped to equally well.

e Annotations. The type of annotation covering the read. This will show whether the read is
in an exon or not.

Note that the reporting of gene fusions is very simple and should be analyzed in much greater
detail before any evidence of gene fusions can be verified. The table should be considered more
of a pointer to genes to explore rather than evidence of gene fusions. Please note that you can
extract the reads as a separate sequence list for further investigation by selecting the relevant
reads and clicking on the button labeled Create New Sequence List at the bottom of the table.

1.5 Interpreting the RNA-Seq analysis result

The main result of the RNA-Seq is the reporting of expression values, which is done on both the
gene and the transcript level (only eukaryotes).

1.5.1 Gene-level expression

When you open the result of an RNA-Seq analysis, it starts in the gene-level view as shown in
figure 1.12.

€ # hrainReads_sa... {:‘-|
-
_ | ="}
Rows: 161 Filter: 2 o= 7 =
» Column width it
Feature ID Expression ... Transcripts Uniquely ide... Exonlength  Unique gen... Total gener... Unigue exa.. Marual
. | ™ Show colurmn
AEHDS 19,49 1 1 15810 Z z | Feature ID
AKAPE 944,20 1 1 3531 249 255 1£ . £
/| Expression values
AkAPEL 5.682,55 1 1 2114 1020 1032 [
ANKRD41 132,97 1 1 3184 29 30 z | Transcripts
AP1ML +.379,13 1 1 2284 626 630 o€ V| Uniquely identified transcripts
ARMCE 1.672,30 1 1 2289 250 256 21
ARRDCZ 1.576,94 z 2 7942 299 304 2t /| Exan length
ATP1341 2.086,63 1 1 3483 445 445 41 7| Uit e feees
B3GNTS 0,00 1 1] 2720 1 1
BROM 1.921,88 2 2 7453 931 935 81 ] Total gene reads
BSTZ 1.653,17 1 1 939 67 a1 £ V| Unique exan reads
ANk AD 1 A77 Cn 1 1 1979 197 100 11 ™
4 1] 3 | Total exon reads
| = Open Mapping | | eem Create Sample From Sel. .. | Expression value: | Genes: RPKM - ] Unigue exon-exon reads
Tl Trkal avnmoswnn vaads i
LI Y

Figure 1.12: A subset of a result of an RNA-Seq analysis on the gene level. Not all columns are
shown in this figure

The table summarizes the read mappings that were obtained for each gene (or reference). The
following information is available in this table:

e Feature ID. This is the name of the gene.
e Expression values. This is based on the expression measure chosen in figure 1.9.

e Transcripts annotated. The number of transcripts based on the mRNA annotations on the
reference. Note that this is not based on the sequencing data - only on the annotations
already on the reference sequence(s).
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e Detected transcripts. The number of transcripts which have reads assigned (see the
description of transcript-level expression below).

e Exon length. The total length of all exons (not all transcripts).
e Unique gene reads. This is the number of reads that match uniquely to the gene.

e Total gene reads. This is all the reads that are mapped to this gene — both reads that map
uniquely to the gene and reads that matched to more positions in the reference (but fewer
than the "Maximum number of hits for a read’ parameter) which were assigned to this gene.

e Unique exon reads. The number of reads that match uniquely to the exons (including the
exon-exon and exon-intron junctions).

e Total exon reads. Number of reads mapped to this gene that fall entirely within an exon
or in exon-exon or exon-intron junctions. As for the 'Total gene reads’ this includes both
uniquely mapped reads and reads with multiple matches that were assigned to an exon of
this gene.

o Ration of unique to total (exon reads). The ratio of the unique reads to the total number
of reads in the exons. This can be convenient for filtering the results to exclude the ones
where you have low confidence because of a relatively high number of non-unique exon
reads.

e Unique exon-exon reads. Reads that uniquely match across an exon-exon junction of the
gene (as specified in figure 1.13). The read is only counted once even though it covers
several exons.

o Total exon-exon reads. Reads that match across an exon-exon junction of the gene (as
specified in figure 1.13). As for the 'Total gene reads’ this includes both uniquely mapped
reads and reads with multiple matches that were assigned to an exon-exon junction of this
gene.

e Unique intron-exon reads. Reads that uniquely map across an exon-intron boundary. If
you have many of these reads, it could indicate that a number of splice variants are not
annotated on your reference.

o Total intron-exon reads. Reads that map across an exon-intron boundary. As for the 'Total
gene reads’ this includes both uniquely mapped reads and reads with multiple matches
that were assigned to an exon-intron junction of this gene. If you have many of these reads,
it could indicate that a number of splice variants are not annotated on your reference.

e Exons. The number of exons based on the mRNA annotations on the reference. Note that
this is not based on the sequencing data - only on the annotations already on the reference
sequence(s).

o Putative exons. The number of new exons discovered during the analysis (see more in
section 1.3).

e RPKM. This is the expression value measured in RPKM [Mortazavi et al., 2008]: RPKM =
mapped reads(millions)x exon Tength (ik5) - €€ €xact definition below. Even if you have chosen the
RPKM values to be used in the Expression values column, they will also be stored in a
separate column. This is useful to store the RPKM if you switch the expression measure.

See more in section 1.5.3.
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e Median coverage. This is the median coverage for all exons (for all reads - not only the
unique ones). It is calculated by calculating the coverage for each base position in an exon
region of the gene, and then taking the median of those values.

e Chromosome region start. Start position of the annotated gene.
e Chromosome region end. End position of the annotated gene.

Double-clicking any of the genes will open the mapping of the reads to the reference (see
figure 1.13).

\Wbec-E2H

Ubc-E2H Ubc-E2H

Consensus = -
r

UbcE2H

Coverage

Figure 1.13: Opening the mapping of the reads. Zoomed out to provide a better overview.

Reads spanning two exons are shown with a dashed line between each end as shown in figure
1.13.

At the bottom of the table you can change the expression measure. Simply select another value
in the drop-down list. The expression measure chosen here is the one used for further analysis.
When setting up an experiment, you can specify an expression value to apply to all samples in
the experiment.

The RNA-Seq analysis result now represents the expression values for the sample, and it can be
further analyzed using the various tools in the Transcriptomics Analysis toolbox.

1.5.2 Transcript-level expression

In order to switch to the transcript-level expression, click the Transcript-level expression ()
button at the bottom of the view. You will now see a view as shown in figure 1.14.

The following information is available in this table:

e Feature ID. This is the gene name with a number appended to differentiate between
transcripts.

o Expression values. This is based on the expression measure chosen in figure 1.9.

e Gene name. The unique gene name.
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Figure 1.14: A subset of a result of an RNA-Seq analysis on the transcript level. Not all columns
are shown in this figure

Transcripts annotated. The number of transcripts based on the mRNA annotations on the
reference. Note that this is not based on the sequencing data - only on the annotations
already on the reference sequence(s).

Transcript length. The total length of all exons of that particular transcript.
Transcript ID. This information is retrieved from transcript_ID key on the mRNA annotation.

Unique transcript reads. This is the number of reads in the mapping for the gene that
are uniquely assignable to the transcript. This number is calculated after the reads have
been mapped and both single and multi-hit reads from the read mapping may be unique
transcript reads.

Total transcript reads. Once the 'Unique transcript read’s’ have been identified and
their counts calculated for each transcript, the remaining (non-unique) transcript reads are
assigned randomly to one of the transcripts to which they match. The 'Total transcript
reads’ counts are the total number of reads that are assigned to the transcript once this
random assignment has been done. As for the random assignment of reads among genes,
the random assignment of reads within a gene but among transcripts, is done proportionally
to the 'unique transcript counts’ normalized by transcript length, that is, using the RPKM
(see the description of the 'Maximum number of hits for a read’ option’, 1.2). Unique
transcript counts of O are not replaced by 1 for this proportional assignment of non-unique
reads among transcripts.

Ratio of unique to total (exon reads). This will show the ratio of the two columns described
above. This can be convenient for filtering the results to exclude the ones where you have
low confidence because of a relatively high number of non-unique transcript reads.

Exons. The number of exons for this transcript. Note that this is not based on the
sequencing data - only on the annotations already on the reference sequence(s).

RPKM. The RPKM value for the transcript, that is, the number of reads assigned to the
transcript divided by the transcript length and normalized by 'Mapped reads’ (see below).
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e Relative RPKM. The RPKM value for the transcript divided by the maximum of the RPKM
values for transcripts for this gene.

e Chromosome region start. Start position of the annotated gene.

e Chromosome region end. End position of the annotated gene.

1.5.3 Definition of RPKM

RPKM, Reads Per Kilobase of exon model per Million mapped reads, is defined in this way
[Mortazavi et al., 2008]:

total exon reads

RPKM = — .
mapped reads(millions) x exon length (KB)

Total exon reads This is the number in the column with header Total exon reads in the row for
the gene. This is the number of reads that have been mapped to a region in which an
exon is annotated for the gene or across the boundaries of two exons or an intron and
an exon for an annotated transcript of the gene. For eukaryotes, exons and their internal
relationships are defined by annotations of type mRNA.

Exon length This is the number in the column with the header Exon length in the row for the
gene, divided by 1000. This is calculated as the sum of the lengths of all exons annotated
for the gene. Each exon is included only once in this sum, even if it is present in more
annotated transcripts for the gene. Partly overlapping exons will count with their full length,
even though they share the same region.

Mapped reads The sum of all the numbers in the column with header Total gene reads. The
Total gene reads for a gene is the total number of reads that after mapping have been
mapped to the region of the gene. Thus this includes all the reads uniquely mapped to
the region of the gene as well as those of the reads, which match in more places (below
the limit set in the dialog in figure 1.4) that have been allocated to this gene’s region. A
gene’s region is that comprised of the flanking regions (if it was specified in figure 1.4),
the exons, the introns and across exon-exon boundaries of all transcripts annotated for the
gene. Thus, the sum of the total gene reads numbers is the number of mapped reads for
the sample. This number can be found in the RNA-seq report’s table 3.1, in the 'Total’ entry
of the row 'Counted fragments’. (The term 'fragment’ is used in place of the term 'read’,
because if you analyze paired reads and have chosen the 'Default counting scheme’ it is
'fragments’ that is counted, rather than reads (two reads in a pair will be counted as one
fragment).



Chapter 2

Installation of the Legacy RNA-Seq Plugin

The Legacy RNA-Seq Plugin is installed as a plugin. Plugins are installed using the plugin
manager. In order to install plugins on Windows, the Workbench must be run in administrator
mode: Right-click the program shortcut and choose "Run as Administrator". Then follow the
procedure described below.

Help in the Menu Bar | Plugins... (E%)
or Plugins (E%) in the Toolbar

The plugin manager has two tabs at the top:

¢ Manage Plugins. This is an overview of plugins that are installed.

e Download Plugins. This is an overview of available plugins on CLC bio’s server.

To install a plugin, click the Download Plugins tab. This will display an overview of the plugins
that are available for download and installation (see figure 2.1).

Clicking a plugin will display additional information at the right side of the dialog. This will also
display a button: Download and Install.

Click the Legacy RNA-Seq Plugin and press Download and Install. A dialog displaying progress is
now shown, and the plugin is downloaded and installed.

If the Legacy RNA-Seq Plugin is not shown on the server, and you have it on your computer (for
example if you have downloaded it from our website), you can install it by clicking the Install
from File button at the bottom of the dialog. This will open a dialog where you can browse for the
plugin. The plugin file should be a file of the type ".cpa".

When you close the dialog, you will be asked whether you wish to restart the CLC Workbench.
The plugin will not be ready for use until you have restarted.

20
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Manage Plugins Download Plugins

Advanced Peak Shape Toaols Plugin

Previder: QIAGEN Aarhus

Support contact: support@clcbio.com

WVersion: 1.0 beta 5 (Build: 141211-2205- 120003)
Peak finding using shape information

Size: 1.3 MB Download and Install

Annotate with GFF file

Provider: QUAGEM Aarhus

Support cantact: support@clcbiocam

Werdion: 2.2.8 (Build: 141210-1254-119852)
Using this plug=in it is possible 1o annotate a sequence from list of
annatations found in a CFF file
Located in the Toclbax.

Size: 3824k
= ‘ Download and Install

Biobase Genome Trax Annotate

Provider: QUAGEN Aarhus

Support contact: supparti@clcbio.com

Wersion: 2.0.17 (Build: 150213-1243-122476)
Create tracks with various data from Bichase Genome Trax

] ETEOKE
== 2 Download and Install

Biobase Genome Trax Download
Prowider: QLAGEN Aarhus

Support contact: support@clcbio.com
Version: 2.0.17 (Build: 150213-1509- 122459}

Create tracks with various data from Bichase Genome Trax

Manage Plugins

W Advanced Peak Shape Tools

The Advanced Peak Shape Tools Plugin provides advanced tools to
manipulate peak shapes and find regions in sequencing data that
exhibit a distinct shape, These tools can be used to interactively
refine the results of ChIP-Seq Analysis or to perform shape-based
analyses of sequencing data,

The Learn Peak Shape Filter tool creates a new peak shape filter from
sequencing data and a set of positive and negative regions. The Apply Peak
Shape Filter tool then spplics a peak shape filter to sequencing data to
discover regions (peaks), which match a given peak shape. The Score
Regions tool scorss genomic regions according how well they match a given
peak shape.

Forward and reverse reads shaping 3 peak.

Help | Proxy Settings Check for Updates Install from File Close

Figure 2.1: The plugins that are available for download.
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Uninstall

Plugins are uninstalled using the plugin manager:
Help in the Menu Bar | Plugins... (E)
or Plugins (E¥) in the Toolbar

This will open the dialog shown in figure 3.1.

L] 8] Manage Plugins
Manage Plugins Download Plugins

Additional Alignments

Provider: QIAGEN Aarhus

Support contact: suppert@clchio.com
Version: 1.5.3 (Build: 141210-1208-119849)

Perform alignments with ClustalQ, ClustalW and MUSCLE

Uninstall Disable
Batch Rename
? Provider: QIAGEN Aarhus
Support contact: support-clcbio
Version: 1.3.6 (Build: 151103-09
Rename files in batch by adding a prefix or a number,
Uninstall Disable

CLC Workbench Client Plugin

Provider: QIAGEN Aarhus

Support contact: supporti@clcbio.com

Version: 7.0 (Build: 141210-1115-119843)
Client plugin for connecting to a CLC Genomics Server, CLC Science Server, CLC Drug Discovery Server or Bicinformatics Database
The plug-in also includes Grid Engine Integration.

Uninstall Disable

Help Proxy Settings Check for Updates Install from File Close

Figure 3.1: The plugin manager with plugins installed.

The installed plugins are shown in this dialog. To uninstall:

Click the Legacy RNA-Seq Plugin | Uninstall

22
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If you do not wish to completely uninstall the plugin but you don’t want it to be used next time
you start the Workbench, click the Disable button.

When you close the dialog, you will be asked whether you wish to restart the workbench. The
plugin will not be uninstalled until the workbench is restarted.
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