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n Class Overview

BTEP Partek Flow Bulk RNA sequencing

Class Overview

This class introduces participants to bulk RNA sequencing analysis using the point-and-click
software Partek Flow. Partek Flow enables researchers to build comprehensive workflows for
analyzing data derived from many sequencing modalities on the bulk and single cell level (ie.
RNA, ChIP/ATAC, CITE, and spatial transcriptomics). NCI holds an institutional license for this
package. Please see https://bicinformatics.ccr.cancer.gov/docs/getting-started-with-partek-
flow/ (https://bioinformatics.ccr.cancer.gov/docs/getting-started-with-partek-flow/) to learn how
to get access and about different methods for transferring data to the NIH Partek Flow server.
NHGRI also holds an institutional license to this software (see https://research.nhgri.nih.gov/bi-
training.shtml (https.//research.nhgri.nih.gov/bi-training.shtml)). Scientists not affiliated with NCI
or NHGRI can inquire with the NIH Library (https://www.nihlibrary.nih.gov/resources/tools/
partek-flow (https.//www.nihlibrary.nih.gov/resources/tools/partek-flow)).

Class Expectations / Learning Objectives

This class will not turn participants into expert bioinformaticians or Partek Flow users. However,
concepts learned can be applied to other sequencing type using Partek Flow and provides a
foundation for continual learning.

After this class, participants will become familiar with steps for analyzing bulk RNA sequencing
data using Partek Flow, including:

e Creating new analysis project and importing FASTQ files into an analysis project.

e Performing quality control and cleanup of FASTQ files for use with downstream analyses.

¢ Aligning sequences in FASTQ files to reference genome and interpret alignment quality
metrics.

e Generating gene expression table from aligned reads.

e Performing differential gene expression analysis.

e Constructing plots such as PCA, heatmap, and volcano plot to visualize RNA sequencing
data.

Required Course Materials

This class is not hands-on. Experience using or access to Partek Flow is not required for
participation.

Tip
For a review or introduction to RNA sequencing, see An Introduction to RNA-Seq: Overview of Expression Data

Analysis (https://cbiit. webex.com/cbiit/ldr.php?RCID=8d9dc8dba83ddf766fbar789b29e45¢c55).
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Class Overview

Self Learning Material

e BTEP Getting Started with Partek Flow at NIH (https.//bioinformatics.ccr.cancer.gov/docs/
getting-started-with-partek-flow/)

e Check out the BTEP Video Archive for recordings of previous Partek Flow trainings
(https.//bioinformatics.ccr.cancer.gov/btep/btep-video-archive-of-past-classes/)

e Information regarding Partek Flow on Biowulf (https://partekflow.cit.nih.gov)

e Partek Flow documentations (https.//documentation.partek.com)

Contacts for Help

e BTEP: ncibtep@nih.gov
e Biowulf: staff@hpc.nih.gov
e Partek: support@partek.com

Download class data and try on your own

Click here to download the class data as a zip files to local computer. Macs should
automatically unzip upon download but Windows users will have to unzip after download.
Follow the instructions at https://bicinformatics.ccr.cancer.gov/docs/getting-started-with-partek-
flow/data_transfer_pf_web/ (https.//bioinformatics.ccr.cancer.gov/docs/getting-started-with-
partek-flow/data_transfer_pf_web/) to learn how to transfer data from personal computer to the
NIH Partek Flow server.

The content in the zip file are:

® 22 . fa: human chromosome 22 genome (source: Biostar Handbook: RNA-SEQ by
Example, December 2021 (https://www.biostarhandbook.com/computer-setup.html))

® 22 .gtf: human chromosome 22 gtf annotation (source: Biostar Handbook: RNA-SEQ by
Example, December 2021 (https://www.biostarhandbook.com/computer-setup.html))

®c6.all.v2024.1.Hs.symbols.gmtand h.all.v2024.1.Hs.symbols.gmt are the
C6 and hallmark gene sets from msigdb (https.//www.gsea-msigdb.org/gsea/msigdb)

®* hccl395 fastqgs: paired end fastq files for hcc1395 (source: Griffith lab RNA bio
(https://rnabio.org/module-01-inputs/0001/04/01/Indexing/)) - renaming of the files
obtained from this source was required to fit the formats for some Partek Flow outputs (ie.
tables and visualizations)

Tip
Upload 22.fa, 22.gtf, and the MSIigDB gene sets to the user's Partek Flow library files. See https://

documentation.partek.com/display/FLOWDOC/Library+File+Management (https.//documentation.partek.com/
display/FLOWDOC/Library+File+Management) to learn how.
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n Signing onto Partek Flow

Signing onto Partek Flow

Once a Biowulf and Partek Flow account has been obtained, navigate to the Biowulf website
(https://hpc.nih.gov/ (https://hpc.nih.gov/)). From there, click on Helixweb (https://hpc.nih.gov/
helixweb.html) and then hit the link for Partek Flow (https://partekflow.cit.nih.gov/). Then on the
Biowulf  Partek  Flow page, click on https://partekflow.cit.nih.gov/flow  (hitps./
partekflow.cit.nih.gov/flow) to get to the Partek Flow server. Sign on with your NIH username and
Partek Flow password once there. The username for the author of these class documents is
"wuz8".

Upon signing in, users will see a table containing links to existing projects as well as a link to
create a new project ("Add project").
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n Create New Partek Flow Project

Create New Partek Flow Project

To create a new project, click on the "Add project" button in the Partek Flow landing page. For
this class, a project called hcc1395_rna_sequnencing will be created.

Bioinformatics Training and Education Program



Importing Data to Project and Assigning Metadata

Importing Data to Project and Assigning
Metadata

The next step is to import data to the project. Click on the "Add data" button and select "Bulk'".
RNA sequencing is the default option and since FASTQ files will be imported, leave the "fastq"
radio button selected. Click "Next" when ready. In the next page, users can navigate the Partek
Flow folder of their own Biowulf account to select the needed files. Specify that the data is
mRNA and hit "Finish" when ready. As the data is importing, users will see a rectangular task
node. Once the data has successfully imported, the rectangular task node will turn into a
circular data node.

After the FASTQ files have been imported, it is time to assign metadata to the files to help keep
track of what condition each file came from. To do this, click on the "Metadata" tab in the project
analysis page. Once in the "Metadata" page, click on "Show data files" and users will see the
two paired end FASTQ files associated with the sample. Partek Flow uses the portion of the
filename before "_R1.fg" and "_R2.fq" as the sample name. This class will assign metadata using
the "Assign values from file" options as this is more convenient. The metadata are available in
the tab delimited file "hcc1395_phenotype.ixt" in the instructor's ./PartekFlow/uploads/

hcc1395 folder. The contents of the file are below. Samples that start with "n" are normal and
those starting with "t" are tumors, thus in this dataset there are 3 normal and 3 tumor samples. In
either case, select "ncc1395_phenotype.txt" and click on "Next" when finished. In the next page,
check the import box associated appropriated with the "Attribute name" or variable, which in this
case is "disease_type" as there is already a column name "sample" containing the sample

names. Click import when ready.

sample disease_ type

nl normal
n2 normal
n3 normal
tl tumor
t2 tumor
t3 tumor
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Pre-alignment QC

Pre-alignment QC

The first step in analyzing RNA sequencing is to perform quality assessment of the FASTQ files.
This step ensures that the quality of the data is good and there no issues with contaminations
such as those arising from adapter read through.

To run pre-alignment QC, just click on the FASTQ data node and select QA/QC in the menu
panel on the right of the analysis page. From there, select "Pre-alignment QA/QC" and make
sure "All reads" is checked so that QC is performed on all reads in the FASTQ files. Then, run
QC with the defaults.

Note

The K-mer length option when checked can be used to determine whether there are contamination such adapters in
the sequencing data. However, because the adapter sequences are available for use during the trimming

procedure, this option will not be used.

When the "Pre-alignment QA/QC" step completes, double click on the task node to view the
results.

The first item in the "Pre-alignment QA/QC" report is a summary table and the columns in the
table can be interpreted as follows:

® Sample name: This indicates name of the sample. Partek Flow gives QC results on a per
sample basis.

®* Total reads: Thisis the total number of reads (or sequences) in the sample. For paired
end sequencing, this refers to the total number of read pairs in the sample.

®* Average read length: This reports the average length of the reads in the sample.

®* Average read quality: Average of quality score for all reads in a sample is provided
in this column. Higher numbers indicate that there is low likelihood for sequencing error.
The samples in this dataset have high quality sequences. For instance, a quality score of
38 indicates a 0.0158% error likelihood.

®* % N: This is the percentage of the unknown bases in the reads for a sample.

® % GC: This column shows the percent of the bases in the reads for a sample that are
either G or C.
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Pre-alignment QC

Sample name 1  Total reads 1| Read length T| Avg. read quality T] %N 1) %GC Tl
n1 331,958 151.00 38.10 0% 54.22%
n2 331,958 151.00 38.42 0% 54.23%
n3 331,956 151.00 38.47 0.01% 54.23%
t1 390,607 151.00 38.25 0% 53.43%
t2 390,607 151.00 38.54 0% 53.45%
t3 390,607 151.00 38.58 0.01% 53.42%

The Pre-alignmnet QA/QC module averages the quality score of each base position along
all sequences in a sample and results are shown the "Average base quality score per position"
plot, which shows the average quality at each position for all reads/sequences in a sample. The
figure below shows that each base position has an average quality of 30 or above, which
indicates less than or equal to 0.1% error likelihood.

Average base quality score per position
40.86 ]

30.65 4

20.43

ty score

Qual

10.22 4

Ll L] T 1
1 38.5 76 135 151
Position

-nl —n2 —n3 —t1 -2 —13

Next, the average quality score for each read in a sample is calculated and the distribution of
the percentage of reads with a given average quality is generated. The image below shows that
most of the sequences in the study samples have an average quality of 30 or above.
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Pre-alignment QC

Average base quality score per read
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Click on any of the samples to view the sample-level QC results. This report contains a plot
showing base composition for the reads in a sample.

Tip

'In a random library you would expect that there would be little to no difference between the different bases of a
sequence run, so the lines in this plot should run parallel with each other. The relative amount of each base should
reflect the overall amount of these bases in your genome, but in any case they should not be hugely imbalanced
from each other.

It's worth noting that some types of library will always produce biased sequence composition, normally at the start
of the read. Libraries produced by priming using random hexamers (including nearly all RNA-Seq libraries) and
those which were fragmented using transposases inherit an intrinsic bias in the positions at which reads start. This
bias does not concern an absolute sequence, but instead provides enrichement of a number of different K-mers at
the 5' end of the reads. Whilst this is a true technical bias, it isn't something which can be corrected by trimming and
in most cases doesn't seem to adversely affect the downstream analysis. It will however produce a warning or error
in this module. -- FASTQC manual (htips://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help/
3%20Analysis %20Modules/4%20Per%20Base %20Sequence %20Content.html)
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Pre-alignment QC

Base composition
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The sample-level report includes a plot showing average and range of quality score along each

base position for all reads.
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The sample-level read quality distribution is also provided.
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Pre-alignment QC

Average base quality score per read
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A sample-level read length distribution plot is available as well. Note that prior to either quality
or adapter trimming, all of the reads have the same amount of bases (151 in this example) as

shown by the read length distribution plot.

Distribution of read lengths
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Removing adapters

Removing adapters

Because pre-alignment QC shows that the sequencing data have low error likelihood, the next
step will be to remove adapter contamination by clicking on the FASTQ file data node, selecting
‘Pre-alignment tools" and then "Trim adapters'. The adapters are stored in the file
illumina_multiplex.fa located in the instructor's PartekFlow/uploads/hcc1395/
references folder. The contentin illumina _multiplex.fa are as follows.

>Multiplexing Read 1 Sequencing Primer 3 to 5
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT
>Multiplexing_Read 2 Sequencing Primer_3 to 5
AGATCGGAAGAGCACACGTCTGAACTCCAGTCAC

The screen recording below shows the steps for adapter trimming. Click on "Configure" under
"Advanced options" to adjust the stringency criteria (ie. error rate, minimum overlap) that the
trimming will use to determine whether adapter is present in a read/sequence. The minimum
length for trimmed read to be kept in the analysis can be adjusted here as well.

Run pre-alignment QC on the adapter trimmed reads before proceeding.
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Pre-alignment QC After Adapter Trimming

Pre-alignment QC After Adapter Trimming

The QC results table below indicates adapter trimming resulted in some samples losing reads.
This is because not all reads passed the QC criteria. Also, the average read length has been
reduced as the adapters are removed from the reads. However, as indicated in the base quality
and quality distribution plots, adapter trimming did not affect read quality.

Sample name 17 Total reads 1| Avg. read length 1] Avg. read quality 1] %N T) %GC 1]
n1 331,956 147.83 38.20 0% 54.27%
n2 331,958 147.75 38.51 0% 54.27%
n3 331,954 147.71 38.56 0.01% 54.28%
t1 390,604 146.96 38.38 0% 53.46%
t2 390,607 146.87 38.66 0% 53.48%
t3 390,605 146.80 38.70 0.01% 53.46%
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Pre-alignment QC After Adapter Trimming

Average base quality score per read
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As reads will have differing amounts of adapter contamination (ie. the number of adapter bases

that appear), the trimming procedure will produce reads of varying lengths as indicated in the
sample level read length distribution plot.

Distribution of read lengths
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Mapping Sequences to Genome

Mapping Sequences to Genome

After QC as well as quality and/or adapter trimming, it is time to map the sequences in the
FASTQ files to the reference genome. RNA sequencing analysis requires the use of a splice
aware aligner such as HISAT2 or STAR, which are both available on Partek Flow. In this class,
HISAT2 will be used.

Note

The dataset, hcc1395, used for this class was subsetted to human chromosome 22. Thus, the sequences will be
mapped to the hg38 chromosome 22 reference. See the Partek Flow documentations (https:/
documentation.partek.com/display/FLOWDQOC/Library+File+Management) to learn how to add references and
annotation files (ie. GTF files) to the user's Partek Flow account.

To map using HISAT2, click on the "Trimmed reads" data node and select "Aligners" in the menu.
Then, click on "HISAT2". In the subsequent page, users will see an "Assembly" drop down box
which will be used to select the index for the desired reference.

Note

HISAT2 indexes the reference prior to alignment in order to speed up the process.

If the reference index is not available in this drop down as in this example, scroll and select
‘New assembly". Keep the species as "Homo sapiens (human)" in the subsequent dialogue box
labeled "Add HISAT2 index". Then select the reference file or assembly that needs to be
indexed. In this case, 'hg38_chromosome22". Keep the "Create option" as build as the HISAT2
needs index the reference prior to alignment. Click "Create" when ready. The "Index" drop down
will populate with the newly built HISAT2 index when this step is done. Finally, click on "Finish" to
start the alignment. HISAT2 will be run with default although users can configure it to meet their
alignment stringency needs by clicking on "Configure" next to "Advanced options".
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Post-alignment QC

Post-alignment QC

After mapping, the next step is to perform post-alignment QC to determine things like overall
alignment rate (ie. how many sequences aligned to the reference). To do this, select the

"Alig

ned" reads data node and then select "QA/QC" from the menu. From there, click "Post-

alignment QA/QC". After QC completes, click on the "Post-alignment QA/QC" task node to view
results.

The

first item in the "Post-alignment QA/QC" report is an alignment statistics table and an

explanation of the columns is provided below.

All's

Sample na
r

® Total reads: This reports the number of reads or sequences in a sample. For paired
end sequencing, this refers to the number of read pairs.

® Total alignment: This column indicates the number of times reads in a sample
mapped to the genome. Do not confuse this with the number or percent of reads that
mapped.

® Aligned: The percent of reads that mapped to the genome is provided here. The next
four columns indicate the percentage of reads that where mapped uniquely (ie. to one
location on the genome) or non-uniquely (ie. multimappers) and whether both reads in the
pair or only one in the pair mapped (singleton). The value under the Aligned column is
the sum of the Unique-singleton, Unique paired, Non-unique paired, Non-
unique singleton columns.

® Coverage: This columns informs of the percentage or amount of bases in the genome
that the reads in a sample cover.

®* Avg. coverage depth: The average number of alignments in the region(s) of the
genome covered by sequencing reads.

®* Avg. length: The values in the column correspond to the average length (ie. number of
bases) for the mapped reads in a sample.

® Avg. quality: This column reports the average quality of the mapped reads in a
sample.

* %GC: The GC percentage of the mapped reads in a sample is given here.

amples have greater than 97% alignment rate.

To!

me tal . Unique paired
Total reads 11 alignments 1] Aligned 11 T

Unique Non-unique Non-unique Avg. coverage ’ B
singleton 11 paired 1| singleton 1 Copsasiil deptn 1, Ave-length Tl Avg. qualty 1 gScity
331,956 634,232 97.33% 8.30% 87.19% 1.74% 0.10% 1.87% 1552 147.62 38.60 54.52%
331,958 635,977 97.43% 7.44% 88.35% 1.55% 0.09% 1.81% 15.64 14756 38.86 54.45%
331,954 637,335 97.53% 7.46% 88.35% 161% 0.10% 11.80% 1568 14752 38.92 54.46%
390,604 759,820 98.27% 5.57% 91.35% 1.20% 0.06% 12.99% 16.89 146.80 38.70 53.55%

390,607 762,298 98.31% 4.92% 92.08% 1.26% 0.05% 12.87% 17.10 146.73 38.95 53.57%

390,605 763,803 98.64% 4.99% 92.37% 1.23% 0.04% 12.94% 17.04 146.67 39.00 53.55%
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Post-alignment QC

The information shown in the above table are also presented as plots and among these is a
stacked bar chart showing the percentage breakdown of alignment types discussed below.

e Unique paired occurs when both reads in paired end sequencing align to only one
genomic region.

¢ Non-unique paired happens when both reads in paired end sequencing align to more
than one genomic region. These are consider multi-mappers.

e Unique singleton refers to only one read in paired end sequencing align to one genomic
region.

¢ Non-unigue singleton means that only one read in paired end sequencing aligned but to
multiple genomic regions.

Note

The ideal circumstance is that our reads align uniquely as this will not cause ambiguity in terms of determining
which read goes to which gene or transcript when generating expression matrix.

Alignment breakdown
100 ] NN DN NN SRS — —

75 +

50

Alignment percent

25 4

n1 nz n3 t t2 13
Sample

M Unique paired Non-unique paired Unigue singleton
Non-unique singleton [l Unaligned

The next visualization provides the number of reads in a sample. Again, for paired end
sequencing, this refers to the number of read pairs.
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Total reads

Reads

n1 n2 n3 I3 2 13
Sample
M Total reads

Also provided are bar charts of the average sequencing depth and the genomic coverage for

each sample.
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Genomic coverage

Genome coverage
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The average quality of each base and the quality distribution for the samples for all reads that
aligned are also available as plots.
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Average base quality score per position
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Average base quality score per read
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The next plot shows the alignments per read. Each sample has 1.99 alignments per read (close
to two) because Partek Flow counts two alignments when both reads in pair map to the
genome. Also, the alignments per read number in this dataset is not exactly two due to
situations such as one read of the pair mapping.
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Average alignments per read
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Click on the individual samples to view its sample-level post-alignment QC results. The first plot
shows the alignments per read for a sample. Most reads have two alignments in this particular
example, which is ideal for paired end sequencing.

Alignments per read
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Next, a there is a pie chart that illustrates the portion of reads in a sample that aligned or
unaligned.

Read breakdown

@ Aligned @ Unaligned

In paired end sequencing, the number of bases that span the 5' end of one read and the 5' end
of another is known as the outer distance. This should be approximately equal to the nucleotide
fragment length used in library preparation. In this dataset, it is expected to be between 190-
210 bases (see Alternative expression analysis by RNA sequencing (https://www.nature.com/
articles/nmeth. 1503#Sec7)). Deviation of outer distance from expected could indicate the
presences of structural variants such as insertions or deletions. Also, because the read length
in this dataset is 151 bases, it will be expected that the two reads in the pair will overlap when
aligned given the selected range for fragment lengths.

Tip
Read the article at hitps://www.cureffi.org/2012/12/19/forward-and-reverse-reads-in-paired-end-sequencing/

(https://www.cureffi.org/2012/12/19/forward-and-reverse-reads-in-paired-end-sequencing/) to get a basic idea of
paired end sequencing.
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Outer distance between reads (insert size)
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The base composition and read quality scores are also available in the sample level post-
alignment QC report.

Base composition

40

w
Q

Percentage of A,C, G, T, N

1 38.5 76 1135 151
Base position

—-—A —C G —T —N

Bioinformatics Training and Education Program



Post-alignment QC

Average base quality score per position
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The confidence that a read was aligned or mapped to the correct location on the genome is
another important post-alignment QC metric and is indicated by the mapping quality. The
probability that a read was aligned incorrectly to a location on the genome can be estimated
from the mapping quality through the equation below. Most reads in this dataset have a
mapping quality of 60, which corresponds to 0.0001% error.
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Mapping quality per alignment
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Finally, the length distribution for the aligned reads is also provided in the sample-level post-
alignment QC report.

Distribution of read lengths
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Generate Gene Expression Counts

Generate Gene Expression Counts

Gene expression table can be generated from the read alignment. Options for generating an
expression table. Because there a GTF annotation file is avaialable, this exercise will use the
Quantify to annotation model (Partek E/M) tool, although others are available (see Partek Flow
documents  (https://documentation.partek.com/display/FLOWDOC/Quantification) to learn
more).

Quantify to annotation model (Partek E/M) uses a statistical algorithm to determine how to
assign multi-mapping reads to genomic features and avoids discarding these reads. When
running this module, make sure that the "Strict paired-end compatibility" and "Require junction
reads to match introns" options are checked.

e "Strict paired-end compatibility": In the case of paired end sequencing, this option tells
Partek Flow to count only when both reads in the pair align to a transcript.

¢ "Require junction reads to match introns": This options deals with scenarios 3 and 4 in the
image below where a part of the read maps to the intron. When checked, this option
counts only when the intronic portion of the read matches the intron on the reference.

transcript

sequencing reads

3

Source: https://documentation.partek.com/display/FLOWDOC/Understanding+Reads+in+RNA-
Seg+Analysis (https.//documentation. partek.com/display/FL OWDOC/
Understanding+Reads+in+RNA-Seq+Analysis)

Users can also control the amount of overlap that a read has to a genomic feature (ie. gene,
transcript) for it to count. Finally, the "Filter features" option allow users to remove genes or
transcripts where the read counts across all samples are less than a specified threshold. This
helps with filtering out low expression genes.

Under advanced options, select "auto-detect" if users do not know the strand specificity of the
RNA sequencing experiment protocol.

Warning
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