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Introduction to GeneGrid

Genomic variants like single nucleotide polymorphisms (SNPs) or small insertions
and deletions (InDels) are of major interest to biologists and clinicians alike.

Their impact ranges from determining your eye color to influencing response to
medication. They can cause cardiovascular or neurodegenerative diseases,
induce cancer or on the other hand trigger resistance to HIV infection. ldentifying
causal variants is therefore crucial for the understanding of molecular
mechanisms and diagnostics of rare or common diseases.

With NGS technology it is possible to detect the millions of variants within an
individual genome through a single experiment. One question remains, though:
which are the relevant ones?

With GeneGrid, you can quickly reduce millions of variants to the few or even the
single relevant one(s). All known and novel SNPs in your results can be annotated
using our extensive genome annotation. You can filter the list for those variants of
interest to you, perform trio analyses, compare case and control sets (using
multiple samples) or identify somatic SNPs.

You can filter by:
» effects on the amino acid sequence (missense, nonsense etc.)
* amino acid substitution and DNA conservation scores
» different allele frequency scores
* associations with diseases (e.g. from the COSMIC or ClinVar databases),
tissues, and pathways

Subsequently you can export the lists and associations. You can also switch to

the Genomatix Pathway System to look at networks of the affected genes or view
the genomic location of a SNP in our Genome Browser.

© 2018 Genomatix AG 3
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Small variant analysis: Leber congenital amaurosis and
deafness

Introduction

GeneGrid enables you to quickly reduce millions of variants to a few or even the
single relevant one(s). All known & novel SNPs and InDels in your results can be
annotated using our extensive annotation. This tutorial describes step by step how
to annotate and filter the list for those variants of interest to you. You will perform
a Trio analysis and easily identify the most likely disease causing variants.

Example for trio analysis

This example will show you how GeneGrid can be applied for a Trio analysis
looking for the most likely disease causing variants.

The data in this example is from a whole exome sequencing study (Falk et al.,
2012). The authors found a novel homozygous missense mutation (M1=NMNAT1
c.25G>A, p.Val9Met) in NMNAT1 that likely causes Leber congenital amaurosis
(LCA) which is a form of inherited retinal degeneration characterized by severe
vision loss or blindness.

The following figure shows a large consanguineous Pakistani pedigree, including
five children affected with LCA. Exome sequencing also confirmed the presence
of a second homozygous mutation (M2=GJB2 c.71G>A, p.Trp24*) in GJB2, in
children who were affected with Deafness.

a Family 047
| —¢
'
n 0O

-3 -6
M1/+ M1/+

M1: ¢.25G>A (p.VIM)
v m i IJ__I i ‘ i v
V-1 V-2 V-3 V-4 VS V-6 V-7 V-8
MI/M1T +/+ MI/MT M1/+ M1+ MI/MT M1U/MT MM
M2/M2 M2/M2  +/+ M2IM2 +/+ H+ M2/M2 M2/M2

M1 = NMNATT p.VSM
M2 = GJBZ p.R24X
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D Mucolipidosis type Il . Deafness D LCA, global developmental delay, autism

. LCA, congenital deafness, global developmental delay, autism . LCA

Exome sequence data for the following individuals is available at the NCBI
Sequence Read Archive, accession SRP013517:

« 111-4 mother (M1/+, M2/+)
« 1115 father (M1/+, M2/+)

« V-1 daughter (M1/M1, M2/M2)
« V-2 son (+/+, M2/M2)

e IV-3 son (M1/M1, +/+)

Sequence reads of the individuals IV-1, llI-4 and IlI-5 were mapped to the human
reference genome (GRCh38) using the Genomatix Mining Station (GMS).
SAMtools (version 1.2, Li et al., Bioinformatics, 2009) was used to call SNVs and
InDels jointly with all three samples. The output format of the variant calling step is
VCF which stands for Variant Call Format. It contains all the genomic positions of
the variants and the genotypes of the samples and is the required input format to
get started with GeneGrid.

The final VCF (Variant Call Format) file (“LCA047_Trio_Demo.vcf.gz”), containing
predicted variants (SNPs, small insertions and deletions) in all three individuals,
has already been uploaded into a shared project.

Start your browser and open the home page of GeneGrid
(https://genegrid.genomatix.com/grid/home). You should see a page like below.
Press the Sign in button in upper right hand corner to go to the login page.

Gene Solution  Features  Pricing  Try out! @tep (Y sionin

From many to meaningful.

Discover relevant variants in genomic data.

AN A

What is GeneGrid?

jepth knowledge from public and Why GeneGrid?

© 2018 Genomatix AG 5



genomatix

Enter your user name and password.

Gene Signing In @tHep | () Signin

New to GeneGrid? Sign in to GeneGrid

Experience the ease and efficiency of GeneGrid

D .
« Annotate variants M seminarl
« Compare samples

o Filter candidate variants ﬂ secccee

* Generate reports
« Analyze affected pathways St
« Browse variants on the genome N

Learn more or contact us and we'll send you an invitation! Can't access your account?

Import sample (demo only)

The first step to use GeneGrid is to import and annotate the predicted variants
from the VCF file.

Annotation of variants takes up to one hour, depending on the number of samples
and variants that are in the input file. In the course, the necessary data have
already been uploaded beforehand into your account in order to save time. The
following demonstrates how VCF files can be uploaded.

VCF files are uploaded in the section ‘Variant Annotation’:

Getting started

The Genomatix GeneGrid technology enables you to quickly reduce millions of small variants to the few or even the single relevant one(s). All known & novel SNPs in your results
can be annotated using our extensive annotation. You can filter the list for those variants of interest to you, perform trio analyses, compare case and control sets (using multiple

samples) or identify somatic SNPs within minutes. Read more

Variant [-a} Sample olm Genome m Pathway [}
Annotation Comparison Browser System (GePS)
Load your VCF files with samples Find the relevant small variants and Browse the human genome in Browse, search and load canonical
into GeneGrid to be automatically identify disease-causing mutations context of your variants of interest pathways and visualize affected
annotated. lk by comparing samples and explore publicly available data genes on pathway level

>
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VCF files can be imported from the left sidebar. In the first step it is possible to
define any pre-filters if it is desired to skip certain variants completely. Defining
pre-filters is completely optional and based on the default settings all variants
having at least a coverage of one will be imported. The second step is to select
and upload the VCF file from your local computer by clicking on choose file or
browse (the actual label depends on your browser) and selecting the VCF file. The
upload starts automatically.

@ Import samples & annotate variants v
Select your input file and import samples and
automatically annotate the variants.

Note: The required input file format is the VCF
format. The genomic positions of the variants must
match the human genome build GRCh37/hg19 or
GRCh38/hg38. Read more

Step 1: Define pre-filter settings for import:
[ Exome filter

Minimum coverage: 1

Hint. Pre-filters are optional and can be used to
reduce the number of variants that will be imported.
Read more

Step 2: Select the variant file from your computer:

The upload progress is shown on the screen.

Ge ne Variant Upload LCA047_Trio_Demo.38.vcf.gz

&2 Variant Upload Job

Your analysis has been submitted successfully. The input file LCA047_Trio_Demo.38.vef.gz was uploaded to GeneGrid. The analysis can take up to several hours

depending on the size of the input data. The output will become available in the Result Management

Thank you for using GeneGrid.

)
8%
Analysis is running

Refresh
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Annotated samples are accessible from two different views. The samples view
contains a table with a detailed listing of imported samples. From this view it is
possible to show details about the sample, open the variants view for the sample
or start a comparison analysis. An additional separate page where all the samples
can be found is the Result Management which is the interface to rename sample
names, edit comments for samples and most importantly to remove samples. The
Result Management is also directly accessible from the main menu.

For the next steps we use the first view and load the samples view by selecting
Variant Annotation from the main menu. All imported samples will be displayed
with information such as source file, sample name, number of non-ref variants,
class and activation status.

Newly annotated samples need to be activated in the samples view. They have an
Activate link in the Sample ID column; clicking on it loads the purchase view for
purchasing the sample with credits.

Sample ID § Input file Sample Number of non-ref Class Activated ~ Associated
variants alignments

x x x x Al [+] A [+] Al [~]

u Activate LCA047_Trio_Demo.38.vcf.gz lI-5_4 77,183 medium = =
2585 LCA047 _Trio_Demo.38.vcf.gz Il-4_4 49,997 medium - -

2584 LCAO047_Trio_Demo.38.vcf.gz IV-1_4 77,972 medium - -

Associate BAM file with uploaded VCF data (demo only)

After a sample has been activated, an alignment file in the BAM format can be
associated with an annotated sample. This is optional and can be used later for
visualization of the read coverage of variants in the genome browser.

To associate a BAM file, first select the Associate alignment files option in the
panel on the left. Then drag and drop the sample to which you want to add the
BAM file from the sample list into the sample field. Lastly, press the Browse button
and select the corresponding alignment file from your computer. The file upload
will start automatically.

8 © 2018 Genomatix AG
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== Associate alignment files (1 ’ v

Upload alignment files (BAM files) and associate
them to already imported samples.

Note: The required input file format is the BAM
format.

Step 1: Selectthe sample that belongs to the
alignment file you wish to upload:

Name D

V14 2 ) 4988

Step 2: Select the alignment file from your
computer:

eine Datei ausgewahit.

View VCF sample statistics and metadata

For the statistics view, please use the shared data in the TutorialCRCh38
workspace (check column Workspace):

These data have already been activated, and BAM files have been associated.
The content of an individual file can be displayed by clicking the Open link which
appears when hovering the mouse over the Sample ID entry. However at this
point we are not interested in viewing individual samples by themselves. We’'ll just
have a look at sample metadata.

D3 Input file Name Number of non-ref Class Activated Associated
variants alignments

x x x x Al [=] A [+&] Al [+]
2520 LCAO047_Trio_Demo.38.vcf.gz W5 77,183 medium v
2519 LCAO047_Trio_Demo.38.vcf.gz -4 49 997 medium v
2518 LCAO047_Trio_Demo.38.vcf.gz V-1 77,972 medium v

To see sample metadata, click on the corresponding sample name. This will
display a tabbed detail view.

© 2018 Genomatix AG 9
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In the Details tab, you'll find basic information about the sample from the VCF file,
such as the sample name or the number of non-reference variants.

Details Alignment file Annotation distribution (26) Quality control (26)
Property Value
Sample ID 2520
Storage ID 3332
Input file LCA047_Trio_Demo.38.vcf.gz
Name -5
Number of variants in database 113,807
Number of total variants 91,428
Number of non-ref variants 77,183

The Alignment file tab is available for samples with an associated BAM file. It
displays basic information about the BAM file.

Details Alignment file Annotation distribution (26) Quality control (26)
Property Value
File name SRR504517.group.38.dup.bam
Number of aligned reads 158,659,616
Date 2016-02-12 11:24:09

The Annotation distribution tab shows extended variant statistics for the complete
sample and for each chromosome.

Details Alignment file Annotation distribution (26) Quality control (26)
Chr Annotated variants Region blocks Total variants ~ Reference  Allele length Missing Coverage Exome Reference Non-ref calls
in results mismatches exceeded genotypes pre-filtered pre-filtered calls
Total 113,543 0 98,208 0 0 6,780 0 0 14,245 77,183
1 10,932 0 9.784 0 0 632 0 0 1422 7.730
2 7.799 0 6,780 0 0 427 0 0 857 5.496
3 6,275 0 5492 0 0 306 0 0 1,005 4181
4 4,219 0 3.81 0 0 209 0 0 527 3,075
5 6,048 0 4,377 0 0 255 0 0 670 3.452

10 © 2018 Genomatix AG
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Finally, the Quality control tab lists a number of quality metrics, such as transition /

transversion ratio.

Annotation distribution (26)

Details Alignment file
Chr Allele frequencies  dbSNP novelty
(%) SNPs (%

Total 93.04 1.81
1 93.96 1.52
2 94.18 126
3 9275 162
4 9421 0.86
B 93.77 0.83

dbSNP novelty
indels (%)

23.04
23.94
18.84
26.00
2263

19.23

Clinical
significance

3,848
328
360
190
131

224

Transitions

48,293

4,856

3,359

2,560

1,850

2177

Quality control (26)

Transversions

20,145

1,982

1,472

1,078

819

835

Transition
transversion ratio

240

245

228

238

226

261

Heterozygous Homozygous

38,549
3,996
2,713
2,132
1,546

1,653

29,862
2,840
218
1,501
1,123

1,358

Heterozygous
homozygous ratio

129

1.41

1.28

1.42

1.38

122

We will continue with comparing the uploaded Trio samples among one other.

© 2018 Genomatix AG
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Compare samples

For running a sample comparison analysis, please use the pre-uploaded data
data in your own MyProject workspace (check columns Owner and Workspace).
Please note that you can run comparisons only on samples you own or on shared
samples for which you have write access. During the workshop, the samples you
find in shared workspaces are read-only for you, therefore you can only view
them.

After importing and annotating variants, we're ready to perform a sample
comparison analysis. If you are on the main page, you can either click on the
Sample Comparison field or again use the main menu select. On the sample view,
this time we use the Compare samples section in the left sidebar.

First, we select the type of comparison study we want to perform. Here we select
Trio and assign our samples to the groups that appear below. Drag the sample /V-
1 (this is the affected daughter) from the table on the right side and drop it in the
Offspring (affected) group. Repeat this for the sample ///-4 and //I-5 (mother and
father) but drop both samples in the Parents (not affected) group. Finally, give the
analysis a name (My first trio analysis is used as title in this example) and hit the
Submit button.

12 © 2018 Genomatix AG
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Step 1: Select the type of comparison study:

Trio Cancer Other

Ste;@sign the samples to the groups:

Offspring (1 assigned)

Name #

1 N7 @ 77,972

Parents (2 assigned)

Name #

1 W47 0 49,997
2 5.8 @ 77,183

Study name:

My first trio analysis @
Submit@

s

© 2018 Genomatix AG
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The sample comparison will start and you should see the following progress info:

5%
Analysis is running...

Refresh

Analysis progress

2018-10-11 12:21:58 Comparing variants for chromosome 10
2018-10-11 12:21:58 Comparing variants for chromosome 9
2018-10-11 12:21:58 Comparing variants for chromosome 8
2018-10-11 12:21:57 Comparing variants for chromosome 7
2018-10-11 12:21:56 Comparing variants for chromosome 6
2018-10-11 12:21:55 Comparing variants for chromosome 5

You can see that the analysis has been submitted successfully. The analysis will
take a couple of minutes. Once the comparative analysis is finished, you will be
redirected automatically to the activation page.

The result will be stored for free for 30 days, until Saturday, November 10, 2018.
After this date, a storage retention fee of 5 credit(s) will be due each 30 days. This storage fee wil be automatically debited from your credit account,
the first time on Sunday, November 11, 2018 and every 30 days thereafter, until you delete the result from your Result Management.

Please click on the Go to result button. You can safely ignore the information text
here, which is only relevant for paid credit-based accounts.

After proceeding the result table with the variants is loaded. This table is our
workspace and contains several general columns and an additional column for
each sample at the very end. The sample column will display the genotype of
each sample using a symbol. A homozygous variant call is a filled black square, a
heterozygous variant call is a half-filled square and a reference call is a white
square. If GeneGrid has no or low quality information about the genotype of a
certain sample, an empty cell is displayed to indicate a no call.

14 © 2018 Genomatix AG
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nd Offspring V-1 (Case li-4 (Control -5 (Control
gosil inheritance

v All v All v All v All v
hemi | u
denovo (

nocall [l
hom [ | [ ] |
ref O (
ref O O] (
ref O (
ref O (
nocall |
hom [ | [ | |
het ( (o
- - (n |

Filter variants

Let’'s see how we can filter for the most likely disease causing variants. The main
table of the comparative sample analysis contains 121,936 variants. You find the
total number of variants at the bottom right of the table.

Viewing: 1 to 50 Filtered: 121,936 Total variants: 121,936

Above the table there is a filter bar, through which users can define filter criteria
for each column. In some cases drop-down boxes lists the available search terms
that can be filtered for, in other cases typing a free text and clicking enter will
activate the filter. If filter criteria for multiple columns are defined, a row has to
match all criteria of the filter bar otherwise it will be hidden.

© 2018 Genomatix AG 15
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First, we consider only variants that are deleterious (e.g. non-synonymous or
frameshift mutations) and alter the protein sequence or hit a canonical splice-site.
Please select Yes from the drop-down box in the Deleterious variant column. The
number of filtered variants should go down to 18,653.

prediction Deleterious  Consensus vz
variant

=] AT

All
nymous No =

Viewing: 1 to 50 Filtered: 18,653 Total variants: 121,936

When searching for rare diseases, it is very helpful to compare the variants found
in affected individuals against background populations. For each variant within a
background population, a global allele frequency can be calculated. In this
example, we use the allele frequencies from the Exome Aggregation Consortium
(ExAC) project. Enter 0.017 in the filter field of the exacAF column and press the
return key. This filter removes all variants that occurred in more than 1% of the
ExAC project. The number of filtered variants should now be 3,402

gAF exacAF  Regulatory
evidences

x 001 x Al

0.94
0.93
0.93
0.06
0.67

0.60

16 © 2018 Genomatix AG
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In our trio example, both parents are unaffected but the daughter is affected. In

this case our genotype search strategy includes all filters for an autosomal
recessive disease.

First, we will search for a homozygous mutation in the daughter. Select
Homozygous in the drop-down box of the /V-1 column, and Heterozygous for both
parental genotypes. This reduces the number of variants to 45.

ffspring IV-1 (Case) llI-4 (C
eritance

Al =] A
All
Heterozygous

ref

o

ref Unknown
Reference
ref ]
het [l l]

We will use gene-disease associations to filter the variant list and link the
remaining variants to the diagnosed disease Leber congenital amaurosis. Disease
association columns are optional columns and are not visible by default. Click on
the settings wheel above the table on the left. Additional annotations (e.g.
BLOSUM, SIFT, PhyloP) can be selected for display here.

© 2018 Genomatix AG 17
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Variant Ref Alt
allele allele

Known
variant

Genomic feature

Gene symbol

Known
gene

Effect prediction

Deleterious Consensus variation
variant

Genomic location

[E chr
[ Band
[T Position (bp)

Variant description
O A2 allele

[ Other alternative alleles

Feature annotation
Known variant
Known gene
D Gene name
[C] Exome

Predicted molecular effects on protein
[T] Low confidence

Consensus variation

Variant quality
[T Genotype quality
[ Applied filters

Population allele frequencies
gAF

O gAF (afr)

[ gAF (amr)

[0 gAF (eas)

[E] gAF (sas)

Population allele frequencies  Population allele frequencies

(] gAF (eur)

] espMAF

[ espMAF (aa)
[ espMAF (ea)
[C] exacAF max
eXacAF

[ exacaF (afr)
[O] exacaF (amr)
[C] exacAF (eas)
[C] exacAF (sas)
[ exacAF (fin)
[ exacAF (nfe)
[C] exacxaF

[C] exacXAF (afr)
[O] exacxaF (amr)
[C] exacxAF (eas)
[T exacXAF (sas)
[T exacXAF (fin)

[T exacxaF (nfe)

Computational protein effect predictions
[C] BLOSUM

Bl siFr

[E SIFT pred

[T PolyPhen

[T PolyPhen pred

Evolutionary conservation
[ PhyloP

[C] GERP
[T siphy-Pi
| SiPhy-Omega

Regulatory annotation
[0 Regulatory feature

Experimental evidence

[T Transcription factor binding
[E] matched binding motif

[ pNasel hypersensitivity

[T Histone modification

Literature mining
[ citations

[ Literature diseases
[ Literature tissues

Clinical and diagnostic annotation
[ Diagnostictests

[T] Diagnostic diseases
[T clinical significance
%(S:nmcal diseases

omatic mutation frequency
[T] somatic mutation tissues

Comparison summary
[T Popular gene panels

Gene ontology

[[1 o processes

[C] GO functions

Fco components

[@ piff. between groups
[© piff. in case group

Select the annotation Clinical diseases. A new column is now added to the main
table. In the filter bar, enter the disease term Leber congenital amaurosis. While
you enter the term, a suggestion will pop up.

A

18

Clinic

Leber congenital

al diseases

Compound

Offspring

heterozygos inheritance

X Al

Leber congenital amaur&sis [Leber congenital amaurosis, 339527]

All k

| =]

Leber Congenital Amaurosis 6 [Leber Congenital Amaurosis 6, 1854260]

Leber Congenital Amaurosis 12 [Leber Congenital Amaurosis 12, 1857743]

Leber Congenital Amaurosis 10 [Leber Congenital Amaurosis 10, 1857821]

Leber Congenital Amaurosis 4 [Leber Congenital Amaurosis 4, 1858386]

Leber Congenital Amaurosis 3 [Leber Congenital Amaurosis 3, 1858677

I LEBER CONGENITAL AMAUROSIS 8 [LEBER CONGENITAL AMAUROSIS 8, 3151202]

LEBER CONGENITAL AMAUROSIS 16 [LEBER CONGENITAL AMAUROSIS 16, 3280062]

Leber Congenital Amauroses [Leber congenital amaurosis, 339527]

LEBER CONGENITAL AMAUROSIS 10 (disorder) [Leber Congenital Amaurosis 10, 1857821]

© 2018 Genomatix AG
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Choose the very first term and hit enter to start the filter process. One variant
remains. It is a homozygous missense mutation on chromosome 1 at position
9,972,098 in the gene NMNATT.

Clicking on the variant row, additional details are shown at the bottom. You will
find more detailed information on the variant, like the coverage, SIFT, and other
protein effect scores. As you can see in the Sample details table the position of
the NMNAT1 mutation is well covered in all three samples (>30 reads).

-

Sample details (3) Transcript effects (9) dbSNP (1) ClinVar (1) Literature diseases (39) Clinical ¢
Sample Variant Chr Position (op) Variant Zygosity Ref At  Alt2 Genotype Genesymbol Known Effectprediction Deleterious Quality Coverage
allele gene
-4 396 1 9,972,098  snv het G A n | NMNAT1 v missense v 728.00 35
-5 694 1 9,972,098 snv het G A n | NMNAT1 v missense v 728.00 98
V-1 709 1 9,972,098 snv hom G A | | NMNAT1 v missense v 728.00 116

Clicking on the Transcript effects tab, you get additional transcript information.

Sample details (3)

Transcript effects (9)

Ref Alt  Refprotein Alt protein Gene

allele allele sequence sequence symbol
G A v M NMNAT1
G A v M NMNAT1
G A v M NMNAT1
G A v M NMNAT1
G A v M NMNAT1
G A v M NMNAT1

dbSNP (1)

Transcript
accession

NM_001297778
NM_022787
NM_001297779
ENST000003772C
ENST000004031¢

XM_017002108

ClinVar (1)

Transcript

version

1

3

1

Strand

Ty‘p e

protein coding
protein coding
protein coding
protein coding
protein coding

protein coding

Genomic
feature

cds « exon

cds « exon

cds « exon

cds « exon

cds « exon

cds « exon

This includes the position of the amino acid change in the protein sequence. Also,
the variation is predicted as damaging (SIFT < 0.05)

v

Literature diseases (39)

Effect
prediction

Deleterious

missense

missense

missense

missense

missense

missense

S N N N S

Clinical diseases

Variation
coding

Low
confidence

- 25G=A

- 25G=A

- 25G=A

- 25G=A

- 25G=A

25G=A

© 2018 Genomatix AG

(2) Gene details Citations (2)
Variation Coding Relative coding
protein  position (bp) position

Val9Met 25 0.03
Val9Met 25 0.03
Val9Met 25 0.05
Val9Met 25 0.03
Val9Met 25 0.05
Val9Met 25 0.06

Literature tissues (27)

BLOSUM SIFT
score

1 0.01

1 0.01

1 0.01

1 0.01

1 0.01

SIFT
damaging

v

LN L«

19
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The tab Literature diseases lists all disease associations of that particular gene,
including descriptions and links to Genomatix Litinspector results. There you
can find all publications where the gene disease association has been found.

v
Sample details (3) Transcript effects (9) dbSNP (1) ClinVar (1) Literature diseases (34)

Number Disease name p-value Sentences with
term and gene

1 Amaurosis congenita of Leber, type 1 < 0.0001 27
24 Refew Leber congenital amaurosis < 0.0001 17 A rare degenerative inherited eye disease that apy
| Review literature rgen'ﬁa of Leber, type 9 < 0.0001 10
4 Frontotemporal dementia < 0.0001 7 The most common clinical form of FRONTOTEMPO!
S Anetoderma < 0.0001 3 Benign DERMATOSIS caused by a loss of dermal E
6 Retinal degeneration < 0.0001 5 A retrogressive pathological change in the retina,
7 Tauopathies < 0.0001 4 Neurodegenerative disorders involving deposition

20 © 2018 Genomatix AG
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We can also get a list of all publications where the gene has been linked to a
given disease. By moving the mouse over the row with Leber Congenital
Amaurosis a small link called Review appears. From there you can jump directly
to the evidence listing from LitInspector.

Results
Color code: Transcription factor Gene Disease

[C] clin Genet (2017) 28369829

AB 2 Targeted NGS and WES in the index patient highlighted 2 homozygous variants, a CCDCB6 frameshift deletion and a novel missense NMNAT1 variant, c.500G=A
(p.Asn167Ser).

AB 3 Linkage and segregation analysis excluded the CCDCB6 variant and confirmed the NMNAT1 mutation.
AB 4 Biallelic NMNAT1 mutations cause Leber congenital amaurosis with a central nummular macular atrophic lesion (LCAS).

AB 5 The NMNAT1 mutation reported here underlied cone-rod dystrophy rather than LCA but the fundus lesion was compatible with that of LCAS patients,
highlighting that such a fundus appearance should raise suspicion for biallelic mutations in NMNAT1 when in the context of any retinal dystrophy.

[]  Am J Pathol (2016) 27207593
Tl 1 Mouse Models of NMNAT1-Leber Congenital Amaurosis (LCAS) Recapitulate Key Features of the Human Disease.

AB 1 The nicotinamide nucleotide adenyly fi 1 (NMNAT1) enzyme is essential for regenerating the nuclear pool of NAD(+) in all nucleated cells in the body,
and mounting evidence also suggests that it has a separate role in neuroprotection.

AB 2 Recently, mutations in the NMNAT1 gene were associated with Leber congenital amaurosis, a severe retinal degenerative disease that causes blindness during
infancy.

AB 3 Availability of a reliable mammalian model of NMNAT1-Leber congenital amaurosis would assist in determining the mechanisms through which disruptions in
NMNAT1 lead to retinal cell degeneration and would provide a resource for testing treatment options.

AB 5 Both mouse models recapitulate key aspects of the human disease and confirm the pathogenicity of mutant NMNAT1.

AB 6 Homozygous Nmnat1 mutant mice develop a rapidly progressing chorioretinal disease that begins with photoreceptor degeneration and includes attenuation of
the retinal vasculature, optic atrophy, and retinal pigment epithelium loss.

AB 8 These mouse models offer an opportunity for investigating the cellular mechanisms underlying disease pathogenesis, evaluating potential therapies for
NMNAT1-Leber congenital amaurosis, and conducting in situ studies on NMNAT1 function and NAD(+) metabolism.

|:| Graefes Arch Clin Exp Ophthalmol (2016) 26464178
Tl 1 Clinical and genetic findings in a family with NMNAT1-associated Leber congenital amaurosis: case report and review of the literature.
AB 3 In recent studies, biallelic mutations in NMNAT1 encoding nicotinamide: leotide adenyly 1 have been found to cause LCA.
AB 4 To broaden the knowledge regarding the phenotype of NMNAT1-associated LCA.
AB 7 The literature was reviewed for reports of NMNAT1-associated LCA.
AB 8 Exome seguencing revealed the known NMNAT1 mutation c.25G>=A (p.ValSMet) in a homozygous state.
AB 16 We confirmed a diagnosis of NMNAT1-associated LCA in two siblings through identification of the mutation (c.25G>A [p.

AB 18 In infants with non-detectable electroretinogram (ERG), along with severe congenital visual dysfunction or blindness and central pigment epithelium atrophy
with pigment clumping resembling scarring due to chorioretinitis, LCA due to NMNAT1 mutations should be considered.

As of October 2018, there are 15 different publications containing both, NMNAT1

and Leber congenital amaurosis, in the same abstract. Scroll down to the last
entry.

[7] NatGenet (2012) 22842227
Tl 1 NMNAT1 mutations cause Leber congenital amaurosis.

AB 3 Using exome sequencing we identified a homozygous missense mutation (c.25G=A, p.Val9Met) in NMNAT1 that is likely to be disease
causing in two siblings of a consanguineous Pakistani kindred affected by LCA.

AB 5 NMNAT1 resides in the previously identified LCAS locus and encodes the nuclear isoform of nicotinamide mononucleotide
adenylyltransferase, a rate-limiting enzyme in nicotinamide adenine dinucleotide (NAD(+)) biosynthesis(4,5).

AB 6 Functional studies showed that the p.Val9Met alteration decreased NMNAT1 enzyme activity.
AB 7 Sequencing NMNATT in 284 unrelated families with LCA identified 14 rare mutations in 13 additional affected individuals.
AB 8 These results are the first to link an NMNAT isoform to disease in humans and indicate that NMNAT1 mutations cause LCA.

This is the paper Falk et al. (2012) from our example describing the exact same
missense mutation in NMNAT1 (c.25G>A, p.Val9Met).
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Back in our variants view we can take a look at our current filter definition shown

in the left sidebar.

L Fitter variants

Add column:

Deleterious variant
=  Yes
exacAF
< 001

Clinical diseases
Leber Congenital Amaurosis [Leber (

IV-1 (Case)
= Homozygous
I1l-4 (Control)

= Heterozygous

11-5 (Control)
= Heterozygous
Search Reset

22
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Another convenient tool in the sidebar is the filter history. It lists in reverse
chronological order the filter steps we have performed so far up until we filtered
down the variants to the single one.

{D Filter history v

Today
1 second ago 1 <0.01%

exacAF * Clinical diseases * Deleterious variant * V-1
(Case) * lll-4 (Control) * lI-S (Control)

19

7]

econds ago 45 0.04%

exacAF * Deleterious variant * V-1 (Case) * lIl-4
(Control) * lIl-S (Control)

26

7]

econds ago 98 0.08%

exacAF * Deleterious variant * V-1 (Case) * lIl-4
(Control)

35 seconds ago 667 0.55%
exacAF * Deleterious variant * V-1 (Case)

48

7]

econds ago 3,402 2.79%
exacAF * Deleterious variant

57 seconds ago 18,653 15.30%
Deleterious variant

1 minute ago 121,936 100.00%

Unfiltered

On the left side of the main table you will find a Report generator tab. It allows for
generating reports for up to 10 filtered variants. Type in a title and hit the Generate
button and wait for the PDF file.
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@ Report generator v

Generate a report for the currently filtered variants
(must not exceed 10 variants) appearing in the
right table.

Depending on the number of variants please allow
a few minutes for report generation.

Report title:
The NMNAT1 homozygous mutation

Generate

[

24
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Press the View button to display the report in the browser.

Report title:
The NMNAT1 hOﬂ’lOZYgOUS mutation

Reset

Report with 10 pages was generated successfully
and is available for download

View Download

s

You can also use the Download button to save the report as a PDF document or
the Send button on the report page to send the report directly to your e-mail

address.

Print report

€ Download report ~
The report s available for
download in the PDF format

Note: The result should be
communicated by a human
geneticist or by a genetic
counselor.

Download

Additionally, the PDF report can be
sentas attachment directly to your
mail address.

Send

The NMNAT1 homozygous mutation

October 11, 2018

DNA variants

Summary
This report consists of one variant

1 NMNAT1 | snv | rs387907294 | 25G>A/ Val9Met | pathogenic
Val9Met in NMNAT1

Variant description
The indicated snv is located on chromosome 1 at position 9,972,098 bp. It overlaps the coding sequence of at least one

transcript of gene NMNATH. It overlaps a non-coding transcript (without an open reading frame or incomplete annotation)

for gene NMNAT?. The reference allele for this variant is G, whereas the alternative allele is A
Variant quality (smallest value across all samples in comparison)
« Minimal depth of coverage (COV): 35 reads
« Minimal quality value for the assertion of the alternative allele (QUAL): 728.00
« Minimal conditional genotype quality for this site being a variant (GQ): 127

Case distribution (1/1)
+ Homozygous variant
1.1V-1_7 (COV: 116 reads, QUAL: 728.00, GQ: 127)

Control distribution (2/2)
« Heterozygous variant
1.11I-4_7 (COV: 35 reads, QUAL: 728.00, GQ: 127)
2.1I1K5_8 (COV: 98 reads, QUAL: 728.00, GQ: 127)

Predicted molecular effects on protein
This variant is predicted to be a missense mutation which alters the protein's amino acid from valine (Val) to methionine
(Met). The prediction for Val9Met is based on 9 annotated transcripts for that gene locus. The BLOSUM62 substitution

matrix reports a score of 1 for this alteration.

© 2018 Genomatix AG
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In our example, the daughter is also affected with Deafness. Enter the disease
term deafness into the filter field of Clinical diseases.

Clinical diseases
deafness X

Two variants remain in the list. One of them is a homozygous nonsense mutation
in the gene GJBZ2 which has also been described in the publication.

Variant  Ref Alt  Known Genomicfeature  Gene symbol Known Effect prediction Deleterious Consensus
allele allele variant gene variant variation
All X x A [w] A x A [w] A [+ Yes|v] X
snv. C T v cds « exon GJB2 v nonsense v Trp24Ter
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Let’'s try a completely different strategy where we are mainly interested to see if
we have variants that had been discovered already by other researchers. To
restart our filters, you can use the Reset button on the left sidebar.

IV-1 (Case)

Homozygous

114 (Control)

Heterozygous

11I-5 (Control)

Heterozygous

Search Reset

v X
v X
v X

We are going select different columns from the optional column settings. Please
select the first 4 columns from the section Clinical and diagnostic annotation and
the column Diff. between groups from the section Comparison summary.

Ref
allele

Known
variant

Alt
allele

Variant

104

Genomic feature

Gene symbol

Known
gene

Effect prediction

Deleterious Consensus variation
variant

Genomic location

[ chr
[[ Band
[T Position (bp)

2 Br|  Variant description
[ a2 allele

[T other alternative alleles

Feature annotation
Known variant

Known gene
[F] Gene name
[© Exome

Predicted molecular effects on protein
D Low confidence

Consensus variation

Variant quality
[T Genotype quality
[C] Applied filters

Population allele frequencies
QAF

[ gAF (afr)

[ gAF (amr)

[ gAF (eas)

= gAF (sas)

Population allele frequencies
o gAF (eur)

0o espMAF

] espMAF (aa)
[C] espMAF (ea)
[F] exacAF max
exacAF

[C] exacAF (afr)
[ exacar (amr)
[[ exacar (eas)
[ exacaF (sas)
[C] exacAF (fin)
@ exacAF (nfe)
[ exacxAF

[C] exacXAF (afr)
[C] exacXAF (amr)
[O exacxaF (eas)
[ exacxaF (sas)
[E] exacXAF (fin)

Population allele frequencies
[C] exacXAF (nfe)

Computational protein effect predictions
[CJ BLOSUM

ElsiFr

[ siFT pred

[E1 PolyPhen

[E1 PolyPhen pred

Evolutionary conservation
[E1 PhyloP

[C] GerP

[C] siPhy-pi

[T siPhy-Omega

Regulatory annotation
[[] Regulatory feature

Experimental evidence

[T Transcription factor binding
[C] matched binding motif

[C] DNasel hypersensitivity

[T] Histone modification

Literature mining
[ citations

[T Literature diseases
[T Literature tissues

Clinical and diagnostic annotation
Diagnostic tests

Diagnostic diseases
Clinical significance

Clinical diseases

T oomanc muaon requeney
[E] Somatic mutation tissues

[E Popular gene panels

Gene ontology
[C] GO processes

[C] GO functions
Oco components

Comparison summary
Diff. between groups

Diff. in case group

© 2018 Genomatix AG
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The Clinical significance can be used to check whether there exists any
annotation in ClinVar at the genomic positions of our variants regardless if the
actual variants in our tables are synonymous, missense, or any other kind of effect
category. Select Pathogenic from the Clinical significance drop-down list to filter
the variant list.

Clinical significance Clinical diseases

: Pathogenic i X
All

Benign bber congenital amaurosis 9
dl JUue
Likely benigl:! ancreatitis, chronic, susceptibility to » Hereditary pancreatitis

Likely pathogenic

Uncertain : . - . .
Unknown fluorouracil toxicity « Dihydropyrimidine dehydrogenase deficiency « Fluoroura...
0 Maple syrup urine disease, type Il « MAPLE SYRUP URINE DISEASE, THIAMI...

After applying this filter the list of variants shrinks to merely 31. This filter depends
vastly on the content of ClinVar which is steadily increasing and if one of our
variants had not been reported in ClinVar we would have missed it at that point.
Nevertheless it is a valid strategy to quickly overlap for known variants in the
ClinVar set.

As second filter setting we make sure that our affected sample has to have a
different genotype that the unaffected parents. We set 7 as number of Diff.
between groups which is a very general column to filter for the number of samples
that are at different between both groups.

Diff. between groups C
het

1]

We are now at 7 variants which is already a feasible number of variants to go
through individually. Adding the genotype filter Homozygous for the affected
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sample /V-1 reduces the list further to 4 variants. This list still includes both
previously indicated variants p.Val9Met in NMNAT1 and p.Trp24Ter in GJB2.

Further inspection gives additional valuable information. GJB2 has more than 100
diagnostic tests available in Genetic Testing Registry (GTR). The details are
accessible in the Diagnostic gene tests tab in the details view.

tions (5) Literature tissues (100+)

Sample details (3)
Transcript effects (4)
dbSNP (1)

ClinVar (5)

Literature diseases (1
Clinical diseases (19)

Gene ontology (17)

00+)

Gene details
Citations (5)

Literature tissues (100+)

TF binding sites (2)
Histone & DHS (4)

Diagnostic gene tests (100+)

The majority of tests relate to some type of deafness.

Sample details (3) Transcript effects (4) dbSNP (1) ClinVar (5)
Number Disease TermID Number of tests
1 Deafness, autosomal recessive 1A C2673759 91
2 Deafness, autosomal dominant 3a C2675750 50
3 Keratitis-ichthyosis-deafness syndrome, autosomal dominant C1835678 32
4 Keratoderma palmoplantar deafness C1835672 26
5 Hystrix-like ichthyosis with deafness C1865234 26
6 Mutilating keratoderma C0265964 23
7 Knurckle nads deafness AND leukanvehia svndrome C026A0N4 20

© 2018 Genomatix AG

Literature diseases (100+)

United States

United States «

United States «

United States «

United States «

United States «

United States «

v

Countries

Clinical diseas

« Spain « Germany « Portugal » Canad...

Germany *
Germany »
Germany *
Germany

Germanv «

Austria

Austria

Austria

Austria

Austria

Germany « Spain « Austria - Canada ...
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You can save filter settings for later use in another comparison of the same type.

To do this for the current settings, please make sure that your settings are as
shown below.

,O Filter variants v

Add column:

Clinical significance

~  Pathogenic v X
Diff. between groups

= 1 X
IV-1_7 (Case)

= Homozygous v X

Search Reset

The currently active filter returned 4 out of 121,936
total rows.

Then open the Template filter section in the control panel, provide a name for your
filter, e.g. TrioAdvancedFilter, and click on Save. We will use it in the next step.

EQ Template filter v

Store the currently active filter settings as a
reusable template to quickly filter variants in
other result sets.

Template title:

TrioAdvancedFilter

Save[} Manage all
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View samples in Genome Browser

Common practice is to examine variants in context of the underlying alignments. A
sample can be associated with a BAM file containing all the alignments.

The samples in the comparison that you generated yourself have no BAM files
associated. However there is already a pre-calculated copy of this comparison in
a shared workspace which you can use for this purpose. From the taskbar menu,
select Result Management.

ﬁ Menu ~~
7N

Overview

Variant Annotation
Sample Comparison
Genome Browser

Pathway System (GePS)

Continuous Annotation History

Template Management

Result Management Re

Click on the Sample Comparison entry in the Tutorial CRCh38 project

[G;' Tutorial GRCh38 S)
Input Files
3 | BAM file
1 VCF file
Results

1 | Sample Comparis w

Jariant Annotation

In the comparison list, double-click on the entry Tutorial _Trio_Analysis_Workflow.
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0 Name

[ Tutorial_Trio_Analysis_Workflow

Open the Template filter section once more, and click on the TrioAdvancedFilter
entry to apply it to the current comparison.

134 TrioAdvancedFilter

Clinical signiﬂcannﬁ“——l—|
groups « IV-1_7 (CLAPPY template

To directly access the Genome Browser from the variant list just move the mouse
over a variant row and the hit the Browse button.

c} Variant Ref Alt Known Genomic feature Gene symbol
allele  allele variant
Al X x Al [¢] Al x
776 snv G A v cds « exon NMNAT1
69968 snv  C T v cds = exon ACTN3
M& snv  C T v cds = exon GJB2
119762 snv G C v cds = exon = intro... ARSA

The associated BAM files are automatically loaded in the browser.
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afl S | [chr13:20,189,411-20,189.611 |
[ === ] - [ 1 N Il ' S | = . ]
@ m Position ' ' ! !
20189450 bp 20189500 bp 20189550 bp 20189600 bp

bl S <5ushcs
B i3 micoRNA
b 2 Module
b Promoter Region
b RepeatRegion
b i Transaiption Start Region I [ [ |
» 1
Ml iz Vetistion [ | H IEm 1 ® | mEiEm 1 | 1 | I I | u mun [ 1] " n n o n
11 LCAQ47_Trio_Demo.28.vcf.gz I

: 0.00 - 188.00

0.00 - 161.00

0.00 - 187.00
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Manage results

Imported samples and generated comparison analyses can be administered in the
Result Management. It can be opened through the main menu:

ﬁ Menu v
"

Overview

Variant Annotation
Sample Comparison
Genome Browser

Pathway System (GePS)

Continuous Annotation History

Template Management

Result Management h

In the result interface, there are two main sections in your own project space and
in any other project space the administrator has shared for you. The Input Files
section contains your uploaded VCF and BAM files. In the Results section, you
find the variant annotations (automatically generated when you upload a VCF file)
and your generated sample comparisons.
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[ 5 MyProject

Input Files

@ 2

34 BAM file

29 V/CF file

Results

45 Sample Comparison

53 Variant Annotation

Shared projects

@ Tutorial ©)
&% Tutorial GRCh38 ©)

Search results

O\ [ Name Comment

176 :
=5 MyProject S B | © [ns2 Sample 3 of 3 from LCA047_Trio_Demo.38.vcf gz
Input Files | l-4_2 Sample 2 of 3 from LCA047_Trio_Demo.38.vcf.gz
o 0 IV&Z Sample 1 of 3 from LCA047_Trio_Demo.38.vcf.gz

You can also directly open either a sample or a comparison by double clicking on
the title. Click twice on the name or comment of an entry to rename the sample or
comparison or edit the comment or description for the result.

Delete

The waste bin symbol in the lower right hand corner lets you delete any sample or

comparison analysis from the server. If you don't like to keep those data you can
easily delete them here.
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Additional analysis exercises

With the following exercises, you can apply what you just learned to a number of
additional examples.

Family analysis

The first few of them will use data from the same family as above, including the
siblings of the daughter affected by Leber Congenital Amaurosis.

Here is once more the family tree from page 4 with information on the observed
phenotypes in generation IV.

a Family 047

| z_gé
-
= u | £%%%

Il-4 -5
-3 -6
M1/+ M1/+

M1:¢c.25 G/A(p VaM)
v @B * IJ_'I i ‘ i
V-1 V-2 V-3 V-4 IV5 IV-6 V-7 Iv-8
MI/M1 +/+ MI/MT M1+ M1+ MI/MT MT/MT MT/MT
M2/M2 M2/M2  +/+ M2/IM2 +/+ +/+  M2/M2 M2/M2

M1 = NMNATT p.vSM
M2 = GJBZ p.R24X

D Mucolipidosis type Il . Deafness D LCA, global developmental delay, autism

. LCA, congenital deafness, global developmental delay, autism . LCA

Please open the Sample Comparison view from the menu. You'll find the samples
for the parents in generation Il (lll-4 and 11I-5), as well as the samples for their
three children (IV-1, IV-2, and IV-3) in the sample list as shown below if you filter
the list using the Shared by column for ‘demo’.
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p Filter samples Sample ID § Input file Sample Number of Class Activated Associated
non-ref variants alignments
Q Import samples & annotate variants X X X x Al v Al v Al
'-"|' Compare samples o 1603 LCA047_All_mincov10_sa Iv-3 65911  medium v v
1602 LCA047_All_mincov10_sa -5 60,716 medium v v
Step 1: Select the type of comparison study.
1601 LCA047_All_mincov10_sa V-1 58,079  medium v v
Trio Cancer Other
N 1600 LCA047_All_mincov10_sa 11-4 76,209  medium v v
Step 2: Assign the samples to the groups: 1599 LCA047_All_mincov10_sa V-2 55412  medium v v

Please note that this set of samples is based on a different genome build
(GRCh37) and was generated with a different version of the SAMtools SNP calling
algorithm and with different parameter settings than the samples used in the first
example. Therefore, the numbers of variants are different, and coverage data for
specific variants may also differ. You can find these data also in your result
management in the shared project Demo Data.

[0[‘ Demo Data @ (=] patient6_normal

Input Files
17| BAM file ] patient14_normal
6 VCFfile
Literature & Pathways

|} patient14_tumor
1| GePS: Genomatix Pathway System
Results

[} patient7_normal
2 Sample Comparison
17 Variant Annotation

] patient7_tumor

(] V-2

B 1ii-4

=] V-1

B il

[} I

AN G
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As you can’t generate your own comparisons from read-only shared data, please
use the Sample Comparison LCA-Deafness-whole_family from the Demo Data
project. This is an Other type case-control comparison, with the children in the
Case group, and the parents in the Control group

Search results Name

¥ MyProject

Shared projects

[ Tutorial

[@§ Tutorial GRCh38

@f Demo Data

Input Files

(]
[ patient7_tumor_vs_normal
[ LCA-Deafness-whole_family [}

OO L

17| BAM file

6 VCFfile

Literature & Pathways

1 GePS: Genomatix Pathway System
Results

2 Sample Comparison

17 Variant Annotation

Note: if you see warning messages like this when you jump to the genome
browser using the browse link in the Sample Comparison view, please press O.K.
until the dialog is hidden. You can ignore the warning for the analysis, as the
mitochondrial chromosome was not included in the variant calling.

Warning for lll-5___ SRR504517.bam

chrMT: length (16571bp) is not consistent with EIDorado (16569bp)

Loy
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Exercise 1: LCA in sibling IV-3

As the first exercise, please try to find the mutation which is probably responsible
for the LCA phenotype in sibling 1V-1 also in sibling IV-3. To achieve this, you will
want to use corresponding similar filter settings as you used in the trio analysis.
Please note that you can’t use template filters generated in a trio analysis for
case-control analyses (and vice versa).

Exercise 2: deafness in sibling IV-2

Next, please try to find candidate mutations that could be causative for the
observed deafness in sibling IV-2. Alternatively use annotation in the columns
Literature Diseases and Clinical Diseases as one of the filtering criteria. Compare
the results to each other, and to the corresponding results you get for sibling 1V-1.

Exercise 3: autism in siblings IV-1 and IV-3

This exercise is somewhat less straightforward then the first two. The siblings 1V-1
and V-3 have been diagnosed with autism, while their brother, sibling IV-2, is not
affected. A way to find candidate variants is to filter for rare, deleterious variants.
You can set the genotypes for the samples of the affected siblings to
homozygous. Try filter combinations including a general term like Autism or
Autism Spectrum Disorders in Diagnostic Diseases, and look for variants that are
homozygous in both affected persons, but not in the unaffected ones.
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Note that the filter settings in the left hand panel allow you to change the
operators for the filters, e.g. for the genotype to is not equal to.

D Filter variants v

Add column:

Deleterious variant

= Yes v X
exacAF
< 0.01 X
Diagnostic diseases
~  Autism [Autism, 4352] X
IV-1 (Case)
= Homozygous w| X
IV-2 (Case)

Homozygous vl X
IV-3 (Case)
= Homozygous v X

The genotype of the parents may be inconclusive, so avoid setting the
heterozygous filter for the parents in this case. You may want to check if the
genome browser view can give you more information.

Fo? Variant  Ref Alt  Known Genomicfeature  Gene symbol Known Effect prediction
allele allele variant gene
All X x Al [«] AN x Al [«] AN [+
BrOer snv G T v cds + exon = intr... MTHFR v missense » spl...
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Here you can see directly if there are any reads supporting a variant genotype.
You may need to scroll down in a read track to see the relevant reads, e.g. those
supporting a variant genotype in sample llI-4 (the mother) for the variant in the
MTHFR locus above, which was not called by the variant caller.

sl © et 11,850,675 11850876 |
PO e 0 T F N N B BN BN D DG S i NN e Em 0T T ]
e L= = m - ] = i - O = O = ]

=

=™ = = . = ===
- L O T T
= J1IE5__SRRE04517 5arm 1 e
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Cancer analysis

The next exercises use a set of splenic marginal zone lymphoma (SMZL) data
from Martinez et al. (2014). The sequence data were downloaded from the
Sequence Read Archive (SRA, study SRP033125) and mapped using the
Genomatix Mining Station; variants were called with SAMtools.

SMZL is a lymphoma made up of B-cells that replace the normal architecture of
the white pulp of the spleen. The neoplastic cells are both small lymphocytes and
larger, transformed blasts, and they invade the mantle zone of splenic follicles and
erode the marginal zone, ultimately invading the red pulp of the spleen.

Spleen anatomy
Capsule

Trabecula

Vascular
sinusoid

Red pulp

Primary
follicle
Marginal
zone
Periarteriolar
lymphoid
sheath (PALS)

Germinal center

Artery

White

pulp

Source: Northern Arizona University http://www2.nau.edu/~fpm/immunology/spleeni.jog

The corresponding files are also available in the sample list:

,O Filter samples
@ Import samples & annotate variants
I:|l Compare samples v

Step 1: Select the type of comparison study:

Cancer Other

I

Step 2: Assign the samples to the groups:

Trio

Hint: Just drag an activated sample from the table
on the right side and drop it in one of the two
groups below. Read more

Case (0 affected, requires 1 more)

Sample # D

Control (0 not affected, requires 1 more)

Sample # D

There are annotated variant data from tumor and normal spleen

Sample ID § Input file Sample Number of Class Activated ~ Associated

non-ref variants alignments

X x X All - All > Al -
1861 patient_2.vcf patient2_tumor 325273 edium v v
1860 patient_2.vcf patient2_normal 214582 [Mmedium v v
1859 patient_6.vcf patient6_tumor 204,990 edium v v
1858 patient_6.vcf patient6_normal 221,521 edium v v
1857 patient_14.vcf patient14_tumor 203,283 edium v v
1856 patient_14.vef patient14_normal 195,855 edium v v
1855 patient_7.vcf patient7_tumor 171,277 edium v v
1854 patient_7.vcf patient7_normal 167,693 edium v v
1831 Kidney_ccRCC_RC1_singl _home_gx_sesame_projects_project_13698163.. 114,397 medium v -

1799 lllumina_Exomes_71Mb_G. HS23-10 103,535 medium v

1798 lllumina_Exomes_71Mb_G. HS23-1 103,005 medium v -
1797 lllumina_Exomes_71Mb_G... HS23-3 99,402 medium v -

from four different patients (patient 2, 6, 7, and 14).

42

tissue samples
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Exercise: somatic mutations in patient 7

From the menu, please open the Result Management. There, open the
comparison patient7_tumor_vs_normal from the Demo Data project.

Name

patient7_tumor_vs_normal %

This is a Cancer type comparison with the patient 7 tumor sample in the Case
group, and the patient 7 normal sample in the Control group. The resulting
Sample Comparison will contain a filter column Somatic, indicating if the
genotypes in the Case and Control samples are different.

Filter for rare (exacAF Score) deleterious somatic variants with good quality
indicators. You can try combinations of Quality (a score indicating the reliability of
the variant call), Genotype Quality (indicating the reliability of the genotype call),
and Coverage (counting only high-quality base calls). Quality and Genotype
Quality are Phred-like scores, i.e. 20 indicates 99% reliability, 30 indicates 99.9%
reliability etc.. Add a suitable annotation term, for example, in the Literature
Diseases column filter, the term B-Cell Lymphoma. You should be able to find
variants in MYD88 and TP53. Find additional evidence for a variant being cancer-
related by clicking on the row in the main table and reviewing the information in
the detail table that will open for the entry (e.g. in the tabs Transcript effects,
Somatic mutations, and COSMIC). View regions containing a variant in the
genome browser to see overlaps with genomic annotation, e.g. PFAM protein
domains.
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List of resources available on the web:

Gene Expression Omnibus:
http://www.ncbi.nlm.nih.gov/geo/

Further reading:
http://www.genomatix.de/expertise/publications.html

This tutorial was compiled for GeneGrid release January 2018.
Please note that depending on the program versions and database releases used

slight variations in results (e.g. gene numbers) may occur.

EIDorado and GEMS Launcher are registered trademarks of Genomatix AG in the
USA and other countries. All other trademarks, service marks and trade names
appearing in this publication are the property of their respective owners.
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