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ChIP Sequencing

The purpose of this tutorial is to demonstrate how CLC Genomics Workbench can be used to
analyze ChIP-Seq data.

We focus on the following:

e Import the raw sequencing data.
e Map the reads to a reference genome.
e Call peaks.

e Visualize the results.

Data used in this tutorial

This tutorial uses a ChlP-Seq dataset for the transcription factor NRSF (Neural Restrictive Silencer
Factor) generated in the human lymphoblastoid cell line GM12878 [Rye et al., 2011]. NRSF
represses neural genes in non-neuronal cells, and its ChIP-Seq peaks are therefore expected
to be associated with genes involved in neural activity. A control dataset, in which the
immunoprecipitation step was omitted, is included for bias correction.

To complete the tutorial in a reasonable amount of time, only a subset of the reads mapping to
chromosome 21 are used here.

Prerequisites

For this tutorial, you must be working with CLC Genomics Workbench 24 or higher. Note that
higher versions may produce slightly different results than those shown here.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=ChIP_Seq_Analysis.html
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General tips

Throughout this tutorial, we provide links to relevant manual pages, which we recommend
exploring for additional details.

Tools can be found in the Toolbox, but it is often easier to launch them using Quick Launch
(ﬁ’), found in the top toolbar (shortcut Ctrl+Shift+T or 3 +Shift+T on Mac). Quick Launch
displays the full Toolbox path, making it easy to identify the location of the tool if needed.

The in-built manual can be accessed by clicking the Help button on wizards or by selecting
the Help option under the Help menu.

Within wizards, the Reset button can be used to change settings to their default values.
Columns in tables can be hidden by unchecking their name in the Side Panel.

Columns in tables can be used to sort the rows, by successively clicking on the column
name until the desired order (indicated by an arrow next to the column name) is achieved.

Many data elements produced by CLC Genomics Workbench tools have multiple views,
indicated as icons in the lower left corner of elements opened in the View Area. Clicking
on one of the view icons while pressing the Ctrl (3 on Mac) key will open in split view
such that both views are visible at the same time. Often, if viewing a table and a graphical
representation in split view, selecting entries in the table will highlight them in the graphical
representation. The order of the views can be changed using drag and drop, see Arrange
views in View Area.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Toolbox_panel.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_tools.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Table_view_settings_column_ordering.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Working_with_tables.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=View_Area.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Arrange_views_in_View_Area.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Arrange_views_in_View_Area.html
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Importing the raw sequencing data

1. Download the tutorial data and unzip it.
2. Start CLC Genomics Workbench.
3. Launch the lllumina importer (§) using Quick Launch (£7).

4. In the first wizard step, "Import files and options", click on the Add files button, locate
the tutorial data, and select the nrsf-chr21.fastgand control-chr2l.fastqg files
(figure 1).

Make sure the Paired reads checkbox is not checked.

B lllumina High-Throughput Sequencing Import x

Select files of types lllumina [.fastg/.f

1. Choose where to run Tz d e
Location File system

2. Import files and options Selected files [2)

3. Result hangling C\ChIP-seq_NRSF_chr21_b\nrsf-chr21.fastg
ChChIP-seq_MRSF_chr21_bx\control-chr21 fastq

s

. Save location for new - 5
elements Add folders [ Addfiles | Remove

General options Paired read information
[C] Paired reads Paired-end (forward-reverse) Mate-pair (reverse-forward)
[C] Discard read names Minimum distance |1 Maximum distance | 1000

|| Discard quality scores

lNumina options
s Remove failed reads Quality scores  MCBI/Sanger or [llumina Pipeline 1.8 and later ~
[C] MiSeq de-multiplexing
Trim reads
("] Join reads from different lanes

() Custom read structure Structure definition R1,R2

Help Reset Previous MNext Finish Cancel

Figure 1: Import raw reads. When analyzing your own data, you should select the sequencing
technology appropriate for your data. This dataset consists of two fastq files obtained using an
lllumina sequencer, so the lllumina importer should be chosen.

5. In the next step, "Result handling", choose Save.

6. In the last step, "Save location for new elements”, select a suitable location in the
Navigation Area to save the imported data and click on Finish.

Next, import the reference genome files that were also included in the downloaded zip file by
either:

e Dragging and dropping the filesNC_000021 (Genome) .clcandNC_000021 (Gene) .clc
into the Navigation Area.

These files correspond to the genomic chromosome 21 reference sequence and the gene
annotation track for chromosome 21, respectively.

e Using the Standard Import tool with the option Automatic import to import the two
chromosome 21 reference files.


https://resources.qiagenbioinformatics.com/testdata/raw_data/ChIP-seq_NRSF_chr21_bx.zip
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Illumina.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_tools.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Navigation_Area.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Standard_import.html
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Mapping the reads to the reference genome

Once the data has been imported, the next step in the analysis is to map the reads to the
reference genome:

1. Launch Map Reads to Reference (Sg) using Quick Launch (£7).

2. In the first wizard step, "Select sequencing reads", select the ChIP-Seq folder where the
imported sequence lists are stored (figure 2).

Since we want to map two lists simultaneously, we must check the Batch option.
¥ Map Reads to Reference *

Select sequencing reads
1. Choose where to run

Navigation Area Selected elements (1}
2. Select sequencing reads Q. | <enter search term> ﬁ ChIP-Seq

3. References _"EE‘ CLC Data [

Al

4. Mapping options
fapping op! = control-chr21

5. Result handling

@ Batch

Help Reset Previous Mext Finish Cancel

Figure 2: Select the sequence lists containing the reads we want to analyze. Since we want to map
two lists, we choose the batch mode.

3. In the next step, "Batch overview", verify that only the two sequence lists control-chr21
and nrsf-chr21 are selected (figure 3).

P Map Reads to Reference

X
Batch overview
1. Choose where to run
Batching Input
2. Select sequencing read (batch units from: Folder) P
) nrsf-chr21 nrsf-chr21
3, Batch uyerview control-chr21 control-chr21
4, References
Only use elements containing:
5. Mapping options
Exclude elements containing:
Help Reset Previous Mext Finish Cancel

Figure 3: Verify that the correct reads are used as input for the mapping.

4. In the next step, "References", select the reference sequence NC_000021

(®%) (figure 4).

5. In the next step, "Mapping options", keep the default settings under "Read alignment" and
select Ignore under "Non-specific match handling" (figure 5).

(Genome)

6. In the next step, "Result handling", Select Create reads track to create track-based results
(figure 6).

Also check Create report to obtain a detailed report about the read mapping.

Choose to Save in specified location.

7. In the last step, "Save location for new elements", select a suitable location in the
Navigation Area to save the results and click on Finish.

You can follow the progress of the mapping both in the status bar at the bottom left corner and
under the Processes tab in the Toolbox.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Map_Reads_Reference.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_tools.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Processes_tab_Status_bar.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Toolbox_panel.html
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I Map Reads to Reference x
References
1. Choose where to run
References
2. Select sequencing reads References xf MNC_000021 [Genome) E

3. Batch overview
Reference masking

4, References o No masking
5. Mapping aptions () Exclude annotated
() Include annotated anly
6. Result handling
Masking track e

Help Reset Previous Finish Cancel

Figure 4: Specifying the reference sequence and masking parameters.

I Map Reads to Reference x

1. Choose where to run M;‘::‘Ijn:”:::s:t
2. Select sequencing reads Match score 1
e a— Mismatch cost 2
o Linear gap cost
gL References () Affine gap cost
5. Mapping options Insertion cost 3
6. Result handling Deletion cost 3
Insertion open cost
Insertion extend cost |1
Deletion open cost
Deletion extend cost |1
Length fraction |0.5
similarity fraction |0.8
[T Global alignment

Auto-detect paired distances

Non-specific match handling

() Map randomly

© Ignore

Help Previous Mext Finish Cancel

Figure 5: Use default settings for the read mapping but choose to ignore non-specific matches.

Calling peaks

We will now use the read mapping results as input to the Transcription Factor ChIP-Seq tool to
detect significant peaks.

1. Launch Transcription Factor ChlP-Seq (£) using Quick Launch (£7).

2. In the first step of the wizard that opens, "Select one or more read mappings", select the

nrsf-chr2l (Reads) (55) (figure 7).

. In the next step, "Peak shape parameters", choose control-chr2l (Reads) (Z5) as

Control data (figure 8).

Keep the default value of 0.1 for Maximum P-value for peak calling. A smaller P-value
can be specified to obtain a smaller number of high-quality peaks, while a higher P-value
threshold can be set to obtain a higher number of peaks.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_Transcription_Factor_ChIP_Seq_tool.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_Transcription_Factor_ChIP_Seq_tool.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_tools.html
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I Map Reads to Reference x

Result handling
1. Choose where to run

Cutput options
2. Select sequencing reads © Create reads track
3. Batch overview l:l Create stand-alone read mappings
4. References 8 create report

(] Collect unmapped reads

w

. Mapping options

6. Result handling Result handling
7. Save location for new LT
slements () save in input folder

o Save in specified location

[ Create subfolders per batch unit

Log handling
[ create log

Help Reset Previous Finish Cancel

Figure 6: Select Create reads track, Create report, and Save in specified location.

B Transcription Factor ChIP-Seq *

Select one or more read mapping.
1. Choose where to run
Mavigation Area Selected elements (1)

2. Select one or more read Q| <enter search term> =+ nrsf-chr21 [Reads)

mapping. =
E-E3 CLC Data
=5 ChiP-Seq

ql
|
=l

3. Peak shape parameters

4. Result hanaling control-chr21 (Reads)

[ Bateh

Help Reset Previous Next Finish Cancel

Figure 7: Select the read mapping to use for peak detection.

% Transcription Factor ChIP-Seq *

Peak shape parameters
1. Choose where to run
Controls

2, Select one or more read Control data =5 control-chr21 [Reads]‘ ﬁ
mapping.

3. Peak shape parameters Feak calling

Maximum P-value for peak calling | 0.1
4. Resuit handiing

Help Reset Previous Mext Finish Cancel

Figure 8: Choose control data.
4. In the next step, "result handling", check all three output options (figure 9) and choose
Save.

5. In the last step, "Save location for new elements"”, select a suitable location in the
Navigation Area to save the results and click on Finish.

When the analysis completes, the following results will appear in the selected location in the
Navigation Area:

e nrsf-chr2l (Reads) (Peaks) (3f): The list of all called peaks.

e nrsf-chr2l (Reads) (QC Report) (®]: The quality control report. This report
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I Transcription Factor ChIP-Seq x

Result handling
Cutput options

Create QC report

1. Choose where to run

ra

. Select one or more read
mapping. Save peak shape filter

w

. Peak shape parameters Save peak shape score graph track

=

. Result handling
Result handling

wn

. Save location for new ) Open

elements
o Save

Log handling
[CJ Create log

Help Reset Previous cancel

Figure 9: Select which outputs to generate.

contains metrics about the quality of the ChIP-Seq experiment.

e nrsf-chr2l (Reads) (Peak shape filter) (l=): The peak shape filter results
contains the peak shape that was learned during the ChIP-Seq analysis.

e nrsf-chr2l (Reads) (Peak shape score) (l=): A graph track containing the peak
shape score. The track shows the peak shape score for each genomic position.

Before continuing the analysis or looking at the results, we recommend looking at the quality
control report. The most important sections of the report are the tables containing Quality
measures. For each of the 3 quality measures, the table provides the name, the value, notes to
better understand the meaning of the measure, and a status. The status will be OK if the quality
value is sufficient, or Low (or Very Low) if the value is lower than the quality threshold. For more
details on how the quality thresholds were determined, see Landt et al., 2012 and Marinov et al.,
2014.

In figure 10, the values for the relative strand correlation and the normalized strand coefficient
are OK, while the number of reads is classified as Very Low. This is not surprising or worrisome
because the data used in this tutorial is a small subset of a ChIP-Seq experiment. In fact, the full
dataset consists of about 16 million reads, which is significantly higher than the threshold value.
However, under normal circumstances, a small number of reads would be a strong indicator that
the ChIP-Seq experiment is of low quality.

The quality measures table for the control experiment (figure 11) can be interpreted in a similar
way. We note that, since this is a control experiment, the value of the relative strand correlation
is not important and the status would be OK also for low values. As for NRSF, the fact that the
number of reads is very low is due to the fact that only a small subset of the data was used.

The quality report contains additional information that could be used for troubleshooting. For
example, if the relative strand correlation or the normalized strand coefficient were classified as
low, the cross-correlation plots should be examined in more details.

After having verified that the quality of the ChIP-Seq datasets is acceptable, the next step is to
annotate them with information about their nearest upstream and downstream genes:

1. Launch Annotate with Nearby Information (%) using Quick Launch (¢£7).


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Annotate_with_Nearby_Information.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_tools.html
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1.1 Quality measures

Measure Value Status Motes

Number of reads 486,301 Very low For mammalian cells, this value
should be at least 10 million
reads. For organisms with
smaller genomes (g.g. worm
and fly}, this value should be at
least 2 million reads

Relative strand correlation 1.068 OK The relative strand correlation
describes the ratio between the
fragment-length peak and the
read-length peakin the cross-
correlation plot. This value
should be greater than 0.8 for
transcription factor binding sites,
but can be lower for ChIP-seq
input or for histone marks

Normalized strand coefficient 2.564 OK The normalized strand
coeflicient describes the ratio
between the fragment-length
peak and the background cross-
correlation values. This value
should be greater than 1.05 for
ChIP-seq experiments

Figure 10: Table of quality measures for the NRSF ChIP-Seq dataset.

2.1 Quality measures

Measure Value Status Motes

Number of reads 307,932 Very low For mammalian cells, this value
should be atleast 10 million
reads. For organisms with
smaller genomes (e.g. worm
and fly), this value should be at
least 2 million reads

Relative strand correlation 1198 OK The relative strand correlation
describes the ratio between the
fragment-length peak and the
read-length peakin the cross-
correlation plot. This value
should be greater than 0.8 for
transcription factor binding sites,
but can be lower for ChiP-seq
input or for histone marks

Normalized strand coefficient 2.377 OK The normalized strand
coefficient describes the ratio
between the fragment-length
peak and the background cross-
correlation values. This value
should be greater than 1.05 for
ChIP-seq experiments

Figure 11: Table of quality measures for the control ChIP-Seq dataset.

2. In the first step of the wizard that opens, "Select one annotation track”, select the track to
annotate (nrsf-chr21 (Reads) (Peaks) (3*F)) (figure 12).

B Annctate with Nearby Information X

Select one annotation track
1. Choose where to run
Mavigation Area Selected elements (1)

FE nisf-chr21 [Reads) (Peaks)

Al

2. Select one annotation Q' < enter search term=
bk CLC_Data

=5 ChiP-Seq |

=& NC_000021 (Gene) a

e

3. Parameters

S

. Resuit handling

[] Batch

Help Reset Previous Mext Finish Cancel

Figure 12: Select the track to annotate.

3. In the next step, "Parameters", choose NC_000021 (Gene) (:.'P_*,:.) as the reference
Annotation track (figure 13), and click Next.

4. In the next step, "Result handling", choose to Save the results.
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B Annotate with Nearby Information x

Parameters
. Choose where to run

ra

. Select one annotation Select annotation track

e Annotation track & NC_000021 (Gene) ol

w

. Parameters

s

+ Result handling

Help Reset Previous Mext Finish Cancel

Figure 13: Select the annotation track to be used as gene reference.

5. In the last step, "Save location for new elements", select a suitable location in the
Navigation Area to save the results and click on Finish.

The file nrsf-chr21 (Reads) (Peaks, Annotated) (:F:E) will be generated.

Visualizing the results

The best way to visualize the results is using a Track List:

1. Launch Track List () using Quick Launch (7).

2. In the wizard that opens, select the tracks we created so far (figure 14) and then click on

Finish.
B Create Track List X
Select tracks from same genome
1. Select tracks from same
genome Mavigation Area = Reference Data Selected elements (7)
Q- | <enter search term> = SE NC_00D021 (Gene)
MC_000021 [Genome
T“ ClCData :TZ nrs; chr21 [I[leads] :
Chip-Seq] | =5 st
E:[;DDDE‘I (Gene) =5 control-chr21 [Reads)
& NC 000021 GE"E o | ¥E nrstchi2l [Reads) (Peaks)
e bt é Eznme) L, nrst-chi21 [Reads) (Peak shape score)
:;;ﬂlr(m(;?Ri ) ) =E nrsf-chi21 (Reads) (Peaks, Annotated)
nrsf-chr21 (Reads) (Peaks)
l4, nrsf-chr21 (Reads) (Peak shape ¢
-JQ'."; nrsf-chr21 (Reads) (Peaks, Anno
Help Reset Previous Next Cancel

Figure 14: Create a Track List to visualize the results.

Once the Track list is created, the easiest way to explore peaks is to make a split view of
the table and the peak annotation track by double-clicking on the label nrsf-chr21 (Reads)
(Peaks, Annotated) (figure 15). Sort the table according to P-value so that we can look at
the top peak. You will then be able to browse through the peaks by clicking in the table, jumping
in the track list to the position of the peak selected in the table. Click on the 1:1 zoom in the
bottom right corner of the track list to zoom in on the peak of interest, and zoom out as needed
to see the closest gene. You can browse through all of the peaks found for this sample by
selecting in the table.

The strongest peak is close to the gene SYNJ1 (synaptojanin 1). This gene encodes a phospho-
inositide phosphatase that regulates levels of membrane phosphatidylinositol-4,5-bisphosphate.
The expression of this enzyme affects synaptic transmission and thus it is not a surprise that
this gene is inhibited by NRSF, whose function is to repress neural genes in non-neuronal cells.
Note the nicely distributed green (forward) and red (reverse) reads for this peak, this is a typical
shape for transcription factors.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Track_lists.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_tools.html
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Il * Track List X

MNavigation overview: Chromosome NC_000021

23,022,000 23,022,500 22,022,000
| 22,840 |

NC_000021 (Genome)

NC_000021 (Gene)
Gene annotations (352)

20
control-chr21 (Reads) _ ~
307,932 reads — -

2118
nrsf-chr21 (Reads)
485,301 reads

38
nrsf-chr21 (Reads)
(Peak shape score)

M 0

nrsf-chr21 (Reads)
(Peaks, Annotated)
Peak annntations (146)

e E L & - —— + EEE

E nrsf-chr21 (Reads) [Peaks, An... X

<enter search term=>

Chromosome Region Mame Center of peak  Length Peak shape .. P-value 5'annotation 5 distar

NC_000021 38208453..38208648 Peak 38208551 196 29.61 5.03E-193 DYRK1A 39¢
NC_000021 38822926..39823121 Peak 35823024 196 28,15 4.78E-187 RP526P4 3
NC_000021 43567225..43567423 Peak 43567323 199 27.34 7.B6E-165 CRYAA 100
NC 000021 42269164..42269372 Peak 42269275 209 26.28 1.50E-152 C2CD2 2

Figure 15: A very strong peak near the gene SYNJ1.

Extracting the DNA sequences of the peak regions

A common step in the analysis of ChIP-Seq data is to extract the DNA sequences associated
with peaks in the ChIP-Seq data. These sequences are typically enriched with respect to some
DNA motif, especially when the protein under examination is a transcription factor such as NRSF.
Motif discovery can then be performed using external applications such as TRANSFAC®.

To extract the sequences related to peak regions:

1.
2.

Launch Extract Annotated Regions (z#) using Quick Launch (ﬁff’).

In the first step of the wizard that opens, "Select annotated sequences OR a track
of annotations, variants or statistical comparisons"”, select the peak file as input
nrsf-chr2l (Reads) (Peaks, Annotated) (::’_'E) (figure 16).

In the next step, "Set parameters”, select the NC_000021 (Genome) (%) track as
Reference sequence track (figure 17).

Click on the green plus icon (4r) at the right side of Annotation types and select Peak.
Under "Naming of result sequences", check the Include annotation region and Include
annotation chromosome options to give informative names to the resulting sequences.

In the next step, "Result handling", choose to Save the sequences.

In the last step, "Save location for new elements", select a suitable location in the
Navigation Area to save the results and click on Finish.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Extract_Annotated_Regions.html
https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Running_tools.html
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B} Extract Annotated Regions pas

Select annotated sequences OR a track of annotations, variants or statistical comparisons

. Choose where to run

Mavigation Area Selected elements (1)
2. Select annotated Q- | <enter search term> = L nrsf-chr21 [Reads) (Peaks, Annotated)
snnctations vrantsor | |7 68 QLCDota
“ | O[3 ChiP-seq |

statistical comparisons

3. Set parameters a
4, Result handling & nrsf-chr21 (Reads) (Peaks)
[ Batch
Help Reset Previous Mext Finish Cancel
Figure 16: Select the annotation track.
P Extract Annotated Regions X

Set parameters

. Choose where to run
Select a reference sequence track

. Select annotated Reference sequence track "% NC 000021 (Genome) o
sequences OR a track of
annotations, variants ar
statistical comparisons Refine extracted annotations

ra

Search terms
3. Set parameters
Annotation types |Peak N

4. Result handling
Flanking
Flanking upstream residues o

Flanking downstream residues |0

MNaming of result sequences

[:I Include annotation name

[:I Include annotation type

a Include annotation region

@ Include annotation chromosome

[ Include sequence/track name

Help Reset Previous Finish Cancel

Figure 17: Options for the Extract Annotated Regions tool.

After a few seconds, the sequences will be saved to a file named Extracted annotations

(=)

Most external sequence-based analysis tools require an input in fasta file format. To export the
sequence as fasta, you can run the Export (E,) tool, then choose the fasta format (figure 18),
select the file Extracted annotations (i) and finally select the output file name.

B Select export format X
fasta
Name Description Extension Supported format —
AGP (legacy) Split scaffolded contigs with scaffold meta data in AGP format  [agp, fasta] Yes
Export sequences and sequence lists in fasta format [fa, fsa, fasta] _

Fasta alignment Export alignments in fasta format [fa, fsa, fasta] Mo

Conce

Figure 18: Options for the Export tool.


https://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/current/index.php?manual=Data_export.html
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