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

• III-4 mother (M1/+, M2/+) 
• III-5 father (M1/+, M2/+) 
• IV-1 daughter (M1/M1, M2/M2) 
• IV-2 son (+/+, M2/M2) 
• IV-3 son (M1/M1, +/+) 

Sequence reads of the individuals IV-1, III-4 and III-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.  
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Enter your user name and password. 

 

 

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’: 
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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. 

 

The upload progress is shown on the screen. 
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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. 
 

 
 
 

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. 
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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. 

 

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

 

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

 

The Annotation distribution tab shows extended variant statistics for the complete 
sample and for each chromosome. 
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Finally, the Quality control tab lists a number of quality metrics, such as transition / 
transversion ratio. 

 

 

We will continue with comparing the uploaded Trio samples among one other. 
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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 IV-
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 III-4 and III-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.  
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The sample comparison will start and you should see the following progress info: 

 

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. 

 

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.  
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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.  

 

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. 
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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. 

 

 

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 0.01 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  

 

 



  

© 2018 Genomatix AG  17 

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 IV-1 column, and Heterozygous for both 
parental genotypes. This reduces the number of variants to 45. 

 

 

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. 
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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. 
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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 NMNAT1.  

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). 

 

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

 

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

 

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. 

 

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. 
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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. 

 

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

 

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. 
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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. 

 

Two variants remain in the list. One of them is a homozygous nonsense mutation 
in the gene GJB2 which has also been described in the publication. 
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Advanced usage 

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. 

 

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. 



 

28 © 2018 Genomatix AG 

 

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. 

 

 

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 1 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. 

 

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 IV-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. 

 

The majority of tests relate to some type of deafness. 
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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. 

 

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. 
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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. 

 

Click on the Sample Comparison entry in the Tutorial CRCh38 project 

 

In the comparison list, double-click on the entry Tutorial_Trio_Analysis_Workflow. 
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Open the Template filter section once more, and click on the TrioAdvancedFilter 
entry to apply it to the current comparison. 

 

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

 

The associated BAM files are automatically loaded in the browser. 
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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: 

 

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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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. 

 

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. 
 

 

 

 
Please open the Sample Comparison view from the menu. You'll find the samples 
for the parents in generation III (III-4 and III-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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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. 
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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 
 

 
 
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. 
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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 IV-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 IV-1. 
 
 
Exercise 3: autism in siblings IV-1 and IV-3 
 
This exercise is somewhat less straightforward then the first two. The siblings IV-1 
and IV-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. 
 

 
 
 
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.  
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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 III-4 (the mother) for the variant in the 
MTHFR locus above, which was not called by the variant caller. 
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Cancer analysis 
 
The next exercises use a set of splenic marginal zone lymphoma (SMZL) data 
from Martínez 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 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The corresponding files are also available in the sample list: 
 

 
 
There are annotated variant data from tumor and normal spleen tissue samples 
from four different patients (patient 2, 6, 7, and 14). 
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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. 
 

 
 
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. 
 
 
ElDorado 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. 


