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1 Introduction

1.1 VarFish

VarFish is a web-based software for the analysis of genetic variant data for rare disease
genetics. VarFish allows genetics specialists (physicians, Fachhumangenetiker (de), genetic
councelors, or similarly qualified) to filter and prioritize variants from exome, genome, or panel
sequencing assays.

VarFish was originally developed by Core Unit Bioinformatics (CUBI) at Berlin Institute of Health
@Charité in close collaboration with the Charité Institute of Medical Genetics with the key
contributors being (ordered alphabetically) Dieter Beule, Nadja Ehmke, Manuel Holtgrewe,
Oliver Stolpe. If you want to cite VarFish, please use:

Manuel Holtgrewe, Oliver Stolpe, Mikko Nieminen, Stefan Mundlos, Alexej Knaus, Uwe Kornak, Dominik Seelow,
Lara Segebrecht, Malte Spielmann, Bjorn Fischer-Zirnsak, Felix Boschann, Ute Scholl, Nadja Ehmke, Dieter
Beule, VarFish: comprehensive DNA variant analysis for diagnostics and research, Nucleic Acids Research,
Volume 48, Issue W1, 02 July 2020, Pages W162—\W169, https://doi.org/10.1093/nar/gkaa241

VarFish development is now continued as open source software with a group of developers
based in Berlin and Bonn with contributions from other sites such as Aachen and Géttingen.
Organizations using VarFish include (ordered alphabetically by city) Uniklinik RWTH Aachen,
Charité Berlin, Labor Berlin, Universitatsklinikum Bonn, Universitatsmedizin Géttingen, and
Universitatsklinikum Schleswig-Holstein.

1.2 This Course

This course is aimed at participants who have at least basic experience with the analysis of
NGS variant data. The course starts with a walkthrough of solving a simple case with VarFish.
You can find a version in text form in Section 2.

When being done online/on-site, the participants are given this training material, an account for
the VarFish installation at https://varfish-ext.cubi.bihealth.org, and access to the video before the
actual course. Participants must ensure that their login works and are recommended to solve
the first case with the walkthrough information. We provide a copy of the example cases for
each user for their training.

The course itself starts by an expert VarFish user going through the walkthrough and explaining
useful VarFish users. Participants are invited to ask any questions they have. The course then
continues with participants solving the remaining cases on their own while the trainers (expert
VarFish users) are available to offer any help. Of course, users can also pair/team up to solve
cases together. The course then closes with a discussion round where participants can reflect
on their experience and learnings and discuss any pitfalls that they found.
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1.3 More Information

VarFish contains an online manual that can be found at the following location:

- https://varfish-server.readthedocs.io/en/latest/

Also, you can access this by clicking the “Manual” link on the top right of the VarFish web
application, see Figure 1.

£ Search term Search

Figure 1. Manual link in VarFish web application.

1.4 Getting VarFish for your Own Data

Unlike services such as Limbus varvis or Illlumina TruSight Software Suite, VarFish is not
running in a central instance in the cloud but it can be installed locally in your organization. Such
an installation will require an appropriate (virtual) Linux server and knowledge about operating
such server systems.

If you want to test VarFish on your own data, we can create a space with controlled access on
the server https://varfish-ext.cubi.bihealth.org for you and other users from your organization so
you can use VarFish with your own data without having to set up your own local instance. If you
are interested to do so, please send us an email to cubi-helpdesk@bih-charite.de.

1.5 Getting in Touch

VarFish developers can be reached at cubi-helpdesk@bih-charite.de.

You can subscribe to the mailing list for VarFish end users (using VarFish to solve cases) here:

- https://mailman.charite.de/mailman/listinfo/varfish-users

There also is a mailing list for VarFish operators (those who are responsible for running a local
VarFish server):

- https://mailman.charite.de/mailman/listinfo/varfish- rator
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1.6 IGV Installation and Usage

IGV (Integrative Genome Viewer) is used for display of BAM (binary alignment and mapping)
files. This section gives a short overview of the installation of IGV and its use in the context of
this course. IGV can be downloaded from the following website:

- https://software.broadinstitute.ora/software/igv/download

Download the appropriate version for your operating system that has “Java included”, e.g., “IGV
for Windows (Java included)”.

Integrative
g’v Genomics
Viewer

4 Home

¥ Downloads

Home ; Downloads

Downloads

Did you know that there is also an IGV web application that runs only in a web browser, does not use Java, and
requires no downloads? See https:/igv.orglapp. Click on the Help link in the app for more information about using
IGV-Web.

Install IGV 2.14.0
[El pocuments

EIGV User Guide
EFile Formats

See the Release Notes for what's new in each IGV release.

Users of the new M1 Mac: Apple's Rosetta software is required to run the IGV MacOS App that includes Java. If

ESicia (Riess you run IGV with your own Java installation, Rosetta may not be required if your version of Java runs natively on M1.

Hosted Genomes
FAQ

[HRelease Notes
Credits

Linux users: The 'IGV for Linux' download includes AdoptOpenJDK (now Eclipse Temurin) version 11 for x64
Linux. See their list of supported platforms. If this does not work on your version of Linux, download the ‘Command
line IGV for all platforms' and use it with your own Java installation.

About logdj: IGV versions 2.4.1 - 2.11.6 used log4j2 code that is subject to the log4jShell vulnerability. We
recommend using version 2.11.9 (or later), which removed all dependencies on log4j.

IGV MacOs A 1GV Mac0S App
rb Java included 2e (b Separate Java 11 required

Search website

| 'search | N
— (Qy GV for Windows IGV for Windows
) avainduded ™

Separate Java 11 required

©2013-2021
Broad Institute
and the Regents of the (3-, IGV for Linux
University of California Java included

(b Command line IGV and igvtools for all platforms

Separate Java 11 required

Figure 2. IGV Download site with “IGV for Windows (Java included)” highlighted.

On Windows, after downloading the installer, accept the license agreement, click “next”, and
“install” to the default directory. You will get an icon “IGV_2.14.0” (or the installed version,
respectively). Start the application with the icon and you will see the IGV genome browser main
window.
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Figure 3. IGV genome browser main window.

In the case that IGV complains that it could not download the genome data on startup, you will
have to properly configure the proxy. This will be the case in many hospital networks. The actual
setting depends on your organization. You can open the “Preferences” window by using the
“View > Preferences” menu of the IGV main window. Go to the “Proxy” tab as shown below. You
will need to check “Use proxy” and configure the appropriate proxy host and port (you can get
this information from your organization’s IT department).

] Preferences v ~ D
[General | Tracks | Variants | Mutations | Charts | Alignments | RNA fThlrdGen [ "Proxy | Advanced

|| Disable check for system proxy

Ese prox_y]

Proxy host [proxy.charite de |

Proxy port (2080 |
Whitelist | |

o s

[] Authentication required

Username | |

Password | |

Figure 3. IGV proxy configuration setting in IGV “Preferences”.
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Make sure that you click “Save” so the setting is actually applied. Also make sure that in the
“Advanced” tab of Preferences, you have “Enable port” activated and the “Port number” set to
60151.

Preferences

g
[ General | Tracks | Variants | Mutations | Charts |  Alignments | RNA | Third Gen | Proxy | Advanced

Enable port

Port number [60151 |
Genome server URL |htt|Js:.-'.-'igv.org.-'genomes.-'genomes.tsv |
Data registry URL |ata.|3ro atlinstitute.0rg.-'igvtlata.-'$$_tlata8ewerRegisw.m|

OAuth provisioning URL | |

BLAT URL |=rSec|=$SEQUENCE&type:DNA&cIIJ=$DB&0L|t|JL|t:json|

Trnltin

Figure 4. IGV advanced configuration to configure “remote control” via port.

To check that IGV has been setup correctly, try to open one of the session files that we provide.
You can do so using the “File > Open Session” menu or by drag and drop of the file to the IGV
window. Once the session has loaded, copy “15:48,936,524-48,937,521” into the location field
to jump to the second exon of FBN1 and check that the reads of the cases load. Your browser
session should look similar to the following figure.

— wemanse e eewew  eames e

Figure 5. IGV session displaying the read alignments of the trio of case 1 in the first exon of
gene FBN1.
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2 VarFish Walkthrough

This section provides a very brief walkthrough of using VarFish using the first example case
from Section 3. The walkthrough will demonstrate the general approach of solving rare disease
cases with VarFish. Note that this is not a comprehensive description of all VarFish features but

it demonstrates a large number of useful features that VarFish provides.

First, open the session XML file from the ZIP file we sent you via email for case 1 in IGV. You
can also find a copy here: https://file-public.cubi.bihealth.org/transient/varfish-course/. The IGV

window will initially look as follows

[ 16V - Session: CAUsers\zykle\Ds ish_Course_IGV_S  Course_IGV._ Course_Case_11gv.: - — 8 x
File Genomes View Tracks Regions Tools Help
Human (b37) vl o B « » W = 2 | =] [
L0 01 L
te alignments.
[P WORTT ST T! TR IR AU BPPTY UCH RPER R TTr (RT VI | PO RN
e [l s I [,

Figure 6. IGV session in initial state.

You can enter a gene name and IGV will load the read alignments at the given position. For

“TGDS”, this will look as follows.

B
File Genomes View Tracks Regions Tools Help
Human (b37) v v 13:95,224,308-95,250,529 o B <« » @O x A | Elp [+
BT Pz PIIZ . all aiziz  aiz3 a2 TATT a1z Qi azi3l 2133 azzz o asll T2 L LA e N T e
26 kb
95230k 9520010 ssas0
I I I
bwa Case_1_index-N1-DNAT-WGS || 57 ‘ | 0
) 1 e [ R
e T e R T T e o TV I S B it ey Pt ol ot
! i . (N
b Case_1_indexN1-DNAI-NGS
o Wl I ] LARRIE I NARTTN B I I | [ (R
ul (109 [T RN [ AR 11 L NERIII] [HH] A1 | I [
1 | (IR | I RN i bl I [/ 1 1T I
bwa Case_1_matner-N1-DNAT-wG | | 5% 0
1 T T N N VIS N
I [T I T (R T T 11 A 1t | I
) I i [ [ | 1 [ O 11N I 1l [TRRRIAN SRR N BT 1 [ A
e et Atnb i 111 1T 1l (RN SN TR (| I 1 T I
am Il 1l 4] [ a1 e I I 1l I | 11m I
(RN T | [y (e Tl | o N SRR V| LT I I I I
iINN | Ll I T 11 T | I1- ST | 1 1l | LAl | 1
bwa.Case_1_father-Ni-DNAI1-WGs | | 11591 -
CEE) i i L P L I T L T S W Py I ey | IS |
[ [T TN S REEN AT Y T ] I [ I [ T ] It | |
) 4 I I (TN W] [ NETAEN| i 5 (e} i =] (RN
bem Case__father1-DNAI-WGS | g Ml NI IR i 1 1 Ll R ITRRA TRRRWT RN | | 1)
am I LN | ! (TR ] (ORI T R ot R ¢ I 0o (] I
(TR TS T T T T W S T XEAT o | 101 | IR b TP N T RN I iR
11 | W 11 e 1 I L Ll ) T T o TP L 1L 1L 1L 1 1 L 1 L 1
S S S S S S S D EP Y P P ——
Gene
TeDS
[ acks toaded [Blfssezsriie I Tirvowof 161

Figure 7. IGV session of case 1 for gene “TGDS".
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Next, open the VarFish web app at https://varfish-ext.cubi.bihealth.org. Here, login with the
credentials that we sent to you via email.

¥ Varfish Bollonaster: Login x 4+

pitd
@
[«
1]

¢« C O 8 = nttps//varfish-ext.cubi.bihealth.org/login/

7/? VarFish Bollonaster

Login

Please log in.
username

password

Figure 8. VarFish login screen.

When using a small screen, e.g., as on a laptop, you might want to use the “Zoom out” option of
your browser to decrease the font size so more information fits on your screen (e.g., Ctrl+”-" on
Windows). Initially, you will see the project overview that will look similar to the following. You will
only have access to your own project that has your email address in its name.

¥ VarFish Bollonaster: Home x | + - X
80% ¥ y =

& C O 8 & o https//varfish-ext.cubi.bihealth.org

A .
¢ VarFish Bollonaster 4 Search 8 New Features!

Home Home

Filter

® Your Projects

Project / Category States @ Cases @ Donors @Action @ Your Role

% VarFish Courses N/A
% Akademie Humangenetik, August 17, 2022 N/A
@ Trainer: manuel.holtgrewe @charite.de [ 11 30 Contributor

Developed by BIH CUBI. For support and feedback, please contact cubi-helpdesk@bihealth.de. VarFish v1.2.0+50.g647cala

Figure 9. Project list.
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Above, | see that my project has 11 cases with overall 30 donors. Before the workshop, we will
only upload one case to your project. During and after the workshop, we will provide 10 cases
for you to solve. Next, click on the project title and you will see the project overview with the
most recent 5 cases. Click “See list of all cases” to continue to the full case list.

¥ VarFish Bollonaster: Project Tral X |+ 5 %
<« C O B = htipsy/varfish-ext.cubi bihealth.org/project/5a1b3263-ff92-4e0c-9d36-db18df8Iccab 8% ¢y L =

# Home / VarFish Courses / Akademie Humangenetik, August 17, 2022 / Trainer: manuel holtgrewe@charite.de

<] No ReadMe is currently set for this project

B Cases Overview (top 5 most recently updated) o
# Updated Status  Name Individuals Small Vs SVs Genome

1 38 minutes ago kDR Case 1 index Case_1_father, Case_1_index, Case_1_mother 4,175,830 2163 ereny7 KRR
2 2022, Aug 26 08:08 kO Case 10 index Case_10_father, Case_10_index, Case_10_mother 4,260,578 EERESINCCET A v - |
3 2022, Aug 26 08:08 kO Case 11 index Case_11_father, Case_11_index, Case_11_mother 4,072,720 23950 erehs7 (BRI
4 2022, Aug 26 07:08 kD Case 9_index Case_9_index 3,057,138 18067 Grehs7 (KD
5 2022, Aug 26 07:08 kDR Case_6_index Case_6_index, Case_6_mother 4,644,061 23333 erens7 (KR

i= See list of all cases Y Joint Filtration

Figure 10. Project overview.

Click the name of the case (here Case_1_index, described in Section 3.1.1) to get to the case
overview page.

¢ Varfish Bollonaster: Cases: Trair X |+ - al X
<« C O 8 &2 httpsy//varfish-ext.cubi.bihealth.org/variants/5a1b3263-ff92-4e0c-9d36-db18df89ccab/ 0% ¢ ©® & =

¥ VarFish Bollonaster « Search £2 New Features!

# Home / VarFish Courses / Akademie Humangenetik, August 17, 2022 / Trainer: manuel.holtgrewe@charite.de / Cases

‘Control” tab shows the qually metrics for all cases in the project.

i=Caselist .l Quality Control uil Variant Annotation @)

s Progress 11711 (1005 il
Case List Filter
#  Updated Status  Name Individuals Small Vars Svs Genome

1 39 minutes ago O [Case Tindex Case_1_father, Case_1_index, Case_1_mother 4,175,830 24,163 GRCh37
2 2022,Aug2608:08 kDI  Case 10 index Case_10_father, Case_10_index, Case_10_mother 4,260,578 25135 erehs7 (Rl
3 2022,Aug2608:08 k[  Case 11.index Case_11_father, Case_11_index, Case_11_mother 4,072,720 23950 GRCh37
4 2022,Aug2607:08 X[ Case 9 index Case_9_index 3,057,138 18067 GRCh37
5 2022,Aug260708 kDR Case 6 index Case_6_index, Case_6_mother 4,644,061 23333 GRCh37
6 2022,Aug2607:08 KO  Case 7 index Case_7_father, Case_7_index, Case_7_mother 4,169,884 23,151 GRCh37
7 2022,Aug2607:08 KO  Case 5 index Case_5_father, Case_5_index, Case_5_mother 4,167,595 2301 erens7 R

Figure 11. List of all cases in the project.
On the case detail screen, you can inspect various meta and quality control data for your case

that will not be explained in detail in the walk-through. Next, click on the “Filter Variants” button
to go to the small variant filtration screen.
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% VarFish Bollonaster: Case Def

x| +

¢ > C O 8 &= httpsy/varfish-ext.cubibihealth.org/variants/5a1b3263-ff92-4e0c-9d36-db18df89ccab/case/2a8d904d-8dd8-42b3-814e-038c100568¢/

¥ VarFish Bollonaster

& search

# Home / VarFish Courses / Akademie Humangenetik, August 17, 2022 / Trainer: manuel.holtgrewe@charite.de / Cases / Case_1_index

Case Case_1_index

& Overview

[ Details

Case Name

Created At

Reference Genome

Status, Notes
Tags

Called Variants

al Quality Control

Case_1_index

2022/08/17 10:39
GRCh37

bl initia

No notes taken (yet).

© Variant Annotation @)

Individuals

Last Modified

#= Export Jobs

Case_1_father,
Case_1_index,
Case_1_mother

2022/08/3110:28

© Back to List

© Thisis the case detaildisplay. Use the (IS button on the top right to get start with the variant analysis. Below, you can inspect the case meta data in overview, perform quality control, see your vriant annotations, and lstthe export jobs

@ Phenotype and Disease Terms

£ Case Comments @)

No case comments yet.

Enter comment here

i= Flag & Comment Summary

£2 New Features!

% v © %

Y Filter Variants = Filter SVs

P ©/cc comment
2

Called SVs

4,175,830

24,163

ACMG-Classified Variants

0

Figure 12. Case overview for Case_1_index.

The variant filtration screen (Figure 13) is quite complex when you see it the first but don’t
despair. You can use this screen to configure criterias that you want to filter your variants for.
First of all, the top row allows you to quickly apply sensible filter presets (yellow markings in
Figure 13). You can start out with overall presets, such as configuring filtration for de novo
variants, applying dominant/recessive filter strategies, etc.

% VarFish Bollonaster: Filter Variaw X |+ = X
& C O E, &2 https://varfish-ext.cubi.bihealth.org/variants/5a1b3263-ff92-4e0c-9d36-db18df89ccab/case/filter/2a8d904d-8dd8-42b3-814e-038c1005e68c/#  70% DA y =

VarFish Bollonaster * £ New Features!

# Home / VarFish Courses / Akademie Humangenetik, August 17, 2022 / Trainer. manuel.holtgrewe@charite.de / Cases / Case_1_index / Filter

Filter Variants for Case Case_1_index

© Backto Case = Filter SVs

© This is the variant filtration form. You can use the form controls below to adjust your fitter criteria. Click the (ISP when you are ready! The resuits of your previous query will be loaded automatically i there are any.

Quick Presets Inheritance Frequency Impact Quality Chromosomes Flags etc.
Load Presets > ~ | any (default) v dominant strict (default) v AA change, splicing (default) v strict (default) v whole genome (default) v defaults v

You can use the Quick Presets to get sensibie settings to start out with, e, with a recessive hypathesis" Then, use the category dropdown bxes Inheritance, Frequercy, etc. to select coarse-grain presets in each filter settings category: Finall, you can fine-tune l iter settings in the form below:

Genotype  Prioritization  Frequency ~ More ..~

e this form 10 fine-tune the genotype settings for each indidual. Selecting ¢/h index” (respectively “recess. index’) for fitering for varlants where the variant ulfills the comp. het. recessive criteri (respectively comp. het. or hom. recessive criterc). You can use the (w) button to batch assign genotypes based on
disease state.

Genotype

#  Family Individual Trio Role Father Mother Sex Affected L ‘

1 Case_1_index Case_1_index index Case_1_father Case_1_mother ? v |any v|
2 Case_lindex Case_1_father father 0 0 g x |any v/
3 Case_lindex Case_1_mother mother 0 0 Q 3 |any v

s, [ © e iy o0+

Figure 13. Variant filtration screen.
Selecting a such a quick preset will update the other preset categories in this row: genotype

pattern compatible with modes of inheritance, frequency filter settings, molecular impact of
variants, quality of variants, possible restriction to certain loci or genes, and requiring certain
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user flags. You can view the different sections of the filter configuration form by using the tabs
(marked as green in Figure 13). Finally, you can run the variant filtration by clicking on the “Filter
& Display” button (marked as blue in Figure 13).

For case 1, let us first try a de novo preset. Click “Quick Presest => de novo”. This will apply
appropriate configuration in terms of frequency etc. Then, click “Filter & Display”. VarFish will
now start to filter the Variants.

O Filtering variants ...

Figure 14. Variant filtration indicator.

Finally, the results will be displayed at the bottom as shown in Figure 15. The result table shows
information on user flags/comments, presence in dbSNP and Clinvar, chromosomal position of
the variant as well as genome reference and alternative base. It displays the frequency and
number of homozygous in gnomAD exomes as well as the gnomAD pLlI score of the
corresponding gene. The row goes on with the gene name and a little “doctor” icon indicating
whether the gene is in the ACMD incidental findings list or not. If disease gene association is in
Human Phenotype Ontology or OMIM is available then the “DG” column will contain a red light
bulb and the annotated mode of inheritance is shown (here “AD” for gene NSD1). The row
further displays the impact on the protein (or transcript if outside of coding regions), as well as
the genotype in each individual of the case.

% VarFish Bollonaster: Filter Variaw X |+ = X
& C O 5 52 https://varfish-ext.cubi.bihealth.org/variants/5a1b3263-ff92-4e0c-9d36-db18df89ccab/case/filter/2a8d904d-8dd8-42b3-8 14e-038c1005e68c/#  70% DA y =

/arFish Bollonaster & Search £ New Features!

# Home / VarFish Courses / Akademie Humangenetik, August 17, 2022 / Trainer: manuel.holtgrewe@charite.de / Cases / Case_l_index / Filter

Results Details ~ Coordinates ¢ Frequency gnomADexomes ¢  Constraint gnomADpLl ¢ = Columns Effect v All10record @. Using RefSeq transcripts. = Show Logs (EXERD

‘ W Multi-Variant Options ~

£h Coordinates gnomAD exomes  gnomAD
Cases
position ref alt  frequency  #hom. pLl gene DG effect Case 1i.. Casel..  Casel..

> #1000 S chrl52825185 C A 000000 0 0000 p.A322S on 00 0/0 B 5 MT v IV~
ccopis] -]

> #2000 - chr5:176636664 G T 000000 0 W0 T g O e on 00 0/0 B 5 MT v IV~

> #O00 S che133008711 T G 000000 0 0000 p.D708E on 00 0/0 B 5 MT v IV~
EFR3A] - )

5> #4000 - chrl378,188030 G C 000000 0 0.000 p5422T % o 0/0 B 5 MT v IV~
SceL] -

> # OO0 S chrl473959645 T C 000000 0 - p*642Qext*26 © o 0/0 0/0 @ % MT v IV~
Riox1] -

> #6000 S chris63076073 C T 000000 0 0892 [T pT1907M on 00 0/0 B 5 MT v IV~
TN -

> #7000 - hri5:89074886 AT A 000000 0 N PNT7Mfs98 on 00 0/0 B 5 MT v IV~
DET1] - |

> # O00 S chrl6e6426249 C A 000000 0 0513 (o] p.1394M on 00 0/0 B 5 MT v IV~
cons] - ]

> #9000 S chr19s3747094 G C 000000 0 0000 (e p.C2AW on 00 0/0 B 5 MT v IV~

> #10 00O - S ch224577542 C T 000000 0 0000 ——T— pP19S o 0/0 0/0 B 5 MT v IV~

Figure 15. Filtration results.
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At the end of the row, the “2” button allows to look for second hits of the same gene in the same
case, the little “search” icon allows to search for other occurrences of the variant in cases that
you have access to, and the “MT” button allows to query MutationTaster for the variant. The
“IGV” button allows you to jump to the variant’s coordinates in IGV (if you have IGV open). The
little arrows next to “IGV” and the gene name provide access to further databases related to this
gene and this variant, e.g., gnomAD, or the UCSC genome browser.

Clicking on the little “>” sign on the left of a row shows further variant details. For example, the
row for the “NSD1” gene will display the following.

v = o chrS:176636660 G T 0.00000 0 1.000 Q B4 o 00 0o
N0t -] 6@ i oo

Gene Comments & Flags

Symbol / Name:
Gene Family
NCBI Summary.

ClinVar for Variant

Clinvar for Gene:

PO Terms Frequency Details

gnomAD Exomes. Freq

OMIM Phenotypes

GeneRIFs « The
gnomAD Genomes Freq
undergrowth phenotypes mediated by NSD1 m oo

g SET domain protein 1 inactivation impairs enthroid Hom

Category. Exp. # SNVs Obs. #SNUs. Constraint ofe

BAC

gnomAD Synonymous 553 523 2=0078 0.99%

Figure 16. Detail display of NSD1 variant in case 1.

We can see that the gene defects in NSD1 cause Sotos syndrome 1, the variant is not present
in EXAC, gnomAD, etc. The variant has a phred-scaled CADD Score of 40 and is highly
conserved on the protein level in 100 vertebrates in UCSC genome browser. As Sotos
syndrome 1 matches the phenotype of the case description, this is a good candidate for solving
this case (and actually the variant that we spiked into it).

You can click the little bookmark icon mark the variant as pathogenic and thus colour it red (or
as “unclear’/yellow or “benign/artifact’/green). This mark will be stored for this case and will also
be available for other users that have access to the case. You can also leave text comments
that will be displayed in the variant details and on the case summary page. Note that all
participants in the course get their own project and do not get access to each other's cases. If

you click the little “-” right of the speech bubble, you can use ACMG criteria to grade the
variants. Figure 17 shows the according user interface dialogues for this.
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ACMG Criteria
Pathogenic Benign
VERY STRONG EVIDENCE STANDALONE EVIDENCE
C
PVS1 null variant [ BA1 allele frequency > 5%
STRONG EVIDENCE STRONG EVIDENCE
O PS1 literature: this AA exchange [0 BS1 disease: allele freq. too high N
PS2 confirmed de novo [0 BS2 observed in healthy individual
s Flags & Comments pme S [ PS3 supported by functional studies [J BS3 functional studies: benign
[0 PS4 prevalence in disease » controls [0 BS4 lack of segregation
P Flags B4 O4 O OB
tri flions MopEerATE EVIDENCE SupPPORTING EVIDENCE
)
He Do 08 O PM1 variant in hotspot (missense) J BP1 missense in truncation gene
O PM2 rare; < 1:20.000 in EXAC O BP2 other variant is causative
@ Visual o0 O 0® @®x om# | O PM3  AR: trans with known pathogenic [J BP3 in-frame indel in repeat
| )
O PM4 protein length change [ BP4 prediction: benign
o Molecular ce O O@ @x  uenc O PM5 literature: AA exchange same pos ~ [J BP5  different gene in other case
. )
4 Validation o0 O 00 ®x O PM6 assumed de novo O BP6 reputable source: benign
10 SUPPORTING EVIDENCE [ BP7 silent, no splicing/conservation
& Pheno./Clinic e O 0@ ®x | OPP1 cosegregates in family 5 pathogenic !
# Summary ® o 0 0 ) O x 10 O PP2 few missense in gene 4 likely pathogenic
[ PP3 predicted pathogenic > 2 3 uncertain significance )
Add Comment O PP4 phenotype/pedigree match gene 2 likely benign
. . 0 | O PP5 reliable source: pathogenic 1 benign L
This looks causative! | pathed
. ACMG dlassification 5 class override
% 20 | 4
Clicking (@ below will override the current flags and add a new Select all fulfilled criteria to get the classification following Richards et al. (2015). If necessa-
comment (if any comment text is given). 10 ry, you can also specify a manual override. L
(e [coron |- |

Figure 17. User interface for annotating variants.

Overall, a variant annotated as causative could look as shown in Figure 18.

1.000 (nso1] -] o Q

v 20O0neB chr5:176,636,664 G T 0.00000 0 p.E422* 0/1 0/0 0/0
Gene Comments & Flags
Symbol /Name  NSD1/ nuclear receptor binding SET domain protein 1 Visual X Molecular X Validation X Phenotype X Summary ©
Gene Family PHD finger proteins|Lysine methyltransferases|PWWP domain containing manuel holtgrewe @charite.de 2022/0¢/31 11:41: This looks causative! /@

Figure 18. User annotation for causative variant.

This is the end of this walkthrough. We hope that we could give you a good impression about
VarFish and its features and we look forward to you joining our training.
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3 Example Cases

This section contains example cases. Sharing full exomes/genomes is problematic because of
privacy reasons. Nevertheless, real-world genetic/sequencing data is required for proper
training.

We thus created the following example cases by adding (“spiking”) variants into known disease
genes into public domain data from the IGSR (International Genome Sample Resource,
formerly known as 1000 Genomes Consortium). The selected pathogenic variants are thus
embedded into the variant data of healthy individuals which gives us a realistic setting for the
course. Also, we have both small (SNV and indel) and structural variant data (such as copy
number variants) available. Images were taken from the literature.

Note: It is generally believed that the donors of the IGSR/1000 Genomes sequencing data consist of healthy
individuals in the sense that the donors are not affected with monogenetic early-onset diseases. However, we are
aware of some cases where carriers of at least likely pathogenic variants of highly penetrant diseases have been
sequenced (e.g., ASLX1:p.G1132Vfs*31 in NA12386). We have attempted to exclude such variants from the training
data set but some variants might have escaped our attention.

Section 3.1 contains a short description of the cases as would also be done in a clinical case
conference. Section 3.2 then shows the causative variants with additional explanation.

3.1 Case Descriptions

3.1.1 Case 1

This case is also used for the Varfish walkthrough in Section 2.

Phenotype
4-year-old female with tall stature, advanced eruption of teeth, feeding
difficulties

Family History
- Family from Western Europe.
- Parents are unaffected, index is affected.

Technical Notes
- This is based on NA12386 which carries a likely pathogenic variant in ASXL1
(p.Glu1132Vfs*31). This variant has been removed by us from the variant data set.

3.1.2 Case 2

Phenotype
21-year-old female with intellectual disability, cerebellar vermis hypoplasia, hypertrichosis,
ptosis, broad facial features, muscular hypotonia and short distal phalanges.
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Family history
- Family from Western Europe.
- Parents are unrelated and unaffected, index is affected.

3.1.3Case 3

Phenotype
11-year-old male with intellectual disability, glaucoma, macula edema, myopia, mild postnatal
microcephaly, mild short stature, truncal obesity, long eyelashes and short philtrum.

Family History
- Parents are first cousins from Jordan
- Three cousins with developmental delay, pigmentary retinopathy, microcephaly, thick hair
and short philtrum.

3.1.4 Case 4

Intentionally missing because of limitations in simulation
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3.1.5Case 5

Phenotype
18 yo male with Intellectual disability, seizures, elevated alkaline
phosphatase

Family History
- Family from Western Europe (non-consanguineous)
- Parents unaffected, index affected

Miscellaneous
Hint: Think about reasonable gene panels on PanelApp for the
phenotypes.

3.1.6 Case 6

Phenotypes
13-year-old boy with short stature, butterfly vertebrae, radial deviation and clinodactyly of the
index fingers, microretrognathia, hypoplastic left heart, mild developmental delay.

Family History
- Non-consanguineous family
- Parents unaffected, index affected
- Father is not available

3.1.7 Case 7

Phenotype
1 yo boy with 40 mio platelets per liter and abnormal findings
in radiograph of the upper limb

Family History
- Family from Western Europe (non-consanguineous)
- Parents unaffected, index affected
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Miscellaneous
Hint: Think about reasonable gene panels on PanelApp

3.1.8 Case 8

Phenotype
6 yo female with pulmonary stenosis, ptosis, and mild intellectual
disability

Family History
Healthy, non-consanguineous parents from India

3.1.9Case 9

Phenotype

16 yo female with muscular hypotonia since early childhood and
moderate intellectual disability.

Facial dysmorphism with bulbous tip of the nose. Very
characteristic for a dominant ID syndrome. (heatmap from
GestaltMatcher analysis).

Family History
Non-consanguineous parents and a sister. All not affected.

Hint:
Discuss how to reduce the search space effectively with the
phenotype information

3.1.10 Case 10

Phenotype
10 yo girl (height 155cm weight 65kg) with moderate ID

Family History
Only child of non-consanguineous parents of European descent
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3.1.11 Case 11

Phenotypes
5-months-old girl with frontal bossing, hypertelorism, telecanthus, bifid nasal tip and one
dystrophic nail.

Family History
- Unrelated parents from Europe
- Father has telecanthus and had surgery for pectus carinatum. Mother had one
therapeutic abortion for fetal diaphragmatic hernia.

I

3.2 Case Solutions

3.2.1 Case 1

Synopsis
Sotos syndrome, de novo based

Disease
Sotos Syndrome OMIM: 117550 (https://www.omim.org/entry/117550)

Causative Variant

Gene NSD1
HGVS(c) NM_022455.5:¢.1264G>T
HGVS(p) NP_071900.2:p.(E422%)
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Genome 37 GRCh37:5:176636664:G:T

Genome 38 GRCh38:5:177209663:G:T
Genotypes index=0|1, father=0|0, mother=0|0
Allelic Balance index~0.5, father=0.0, mother=0.0

Incidental Finding Variant

Gene BRCA1
HGVS(c) NM_007294.4:¢.5503C>T
HGVS(p) NP_009225.1:p.(R1835%)
Genome 37 GRCh37:17:41197784.G:A
Genome 38 GRCh38:17:43045767:G:A
Genotypes index=0|1, father=0|0, mother=0|1
Allelic Balance index~0.5, father=0.0, mother=~0.5
Solution
Approach

- Start with hypothesis: de novo (quick presets). The NSD17 variant fits well with the

phenotype.

- Continue with other presets (comp het, homozygous recessive, X-linked), no suitable
candidates; no suitable SVs.
- ClinVar pathogenic preset: BRCA1 variant (incidental finding)

Explanation
The NSD1 de novo variant causes a premature stop codon. The gene is known to cause Sotos

Syndrome which matches the described phenotype and the image. The BRCA1 variant is
maternally inherited and has been reviewed by a ClinVar expert panel.

Image Source
Tatton-Brown, K., Rahman, N. Sotos syndrome. Eur J Hum Genet 15, 264-271 (2007).
https://doi.org/10.1038/sj.ejhq.5201686

3.2.2 Case 2

Synopsis
Coffin-Siris Syndrome, Mosaik de novo

Disease
Coffin-Siris Syndrome 2 (https://www.omim.org/entry/614607)

Causative Variant

Gene ARID1A

HGVS(c) NM_006015.6:¢c.5532G>A
HGVS(p) NP_006006.3:p.(W1844*)
Genome 37 GRCh37:1:27105921:G:A
Genome 38 GRCh38:1:26779430:G:A
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Genotypes index=0|1, father=0|0, mother=0|0
Allelic Balance index~0.23, father=0.0, mother=0.0

Solution

Approach
- Start with hypothesis: de novo. Initially, no good candidate is found for the phenotype.
- Continue with hypothesis comp. Het. and homozygous recessive, no good candidate.
- Continue with structural variants: no candidates.
- Possible explanation: mosaic de novo variant
- Relax quality thresholds to “strict” shows ARID1A which is a good candidate

Explanation
A de novo base exchange causes a premature stop codon in ARID1A, associated with Coffin

Siris syndrome. The variant is present in 23% of the reads, most likely a mosaic variant, which
has been observed for several ARID1A nonsense variants. The variant can only be detected
when changing the quality settings of the de novo filter to strict or relaxed. With the presets of
the de novo filter the variant will not be displayed because the allelic balance is below 0.3.
Pitfall: low allelic balance (loosen qual)

Image Source

Wieczorek, D., Bogershausen, N., Beleggia, F., Steiner-Haldenstatt, S., Pohl, E., Li, Y., Milz, E.,
Martin, M., Thiele, H., Altmuller, J., Alanay, Y., Kayserili, H., and 44 others. A comprehensive
molecular study on Coffin-Siris and Nicolaides-Baraitser syndromes identifies a broad molecular
and clinical spectrum converging on altered chromatin remodeling. Hum. Molec. Genet. 22:
5121-5135, 2013. https://academic.oup.com/hmg/article/22/25/5121/575160

3.2.3Case 3

Synopsis
Cohen Syndrome, comp. het. SNV + deep intronic

Disease
Cohen Syndrome (https://www.omim.org/entry/216550)

Causative Variant

Gene VPS13B (COH1)

Variant 1: CNV

Genome 37 GRCh37:8:100246250-100460500:DEL
Genome 38 GRCh38:8:99234022-99448272:DEL
HGVS(c) N/A

HGVS(p) N/A

Genotypes index=0|1, father=0|1, mother=0|0
Allelic Balance index=0.5, father=0.0, mother=0.5
Variant 2: deep intronic

Genome 37 GRCh37:8:100479619:T:G
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Genome 38 GRCh38:8:99467391:T:G

HGVS(c) NM_152564.5:¢c.3446-23T>G
HGVS(p) NP_689777.3:p.?

Genotypes index=0|1, father=0|0, mother=0]|1
Allelic Balance index=0.5, father=0.5, mother=0.0

Notes: there are het. Variants in the deletion that need to be removed by the simulation.

Solution
Approach

- Start with hypothesis: homozygous recessive (indicated by pedigree). No suitable
results.

- No suitable de novo, compound heterozygous or mitochondrial candidate SNVs.

- Filter structural variants: paternally inherited 214 kb multi exon deletion of VPS13B, the
gene associated with Cohen syndrome (suitable diagnosis).

- Filter SNVs for maternally inherited alteration: genotype index 0/1, father 0/0, mother 0/1;
frequency recessive strict; impact: whole transcript; more -> gene lists and regions ->
gene allowlist: VPS13B shows ¢.3446-23T>G in VPS13B

Explanation

In this case, Cohen Syndrome is caused by a deep intronic SNV (affecting splicing) and a
deletion that are present in compound heterozygous state. The deletion includes exons 18-23 of
VPS13B. The second variant is a deep intronic variant which is predicted to affect splicing
(predictions from Splice Al and VarSEAK splicing: formation of a cryptic splice acceptor site) and
is annotated as pathogenic in ClinVar. It has been shown that this variant leads to inclusion of
22 bp intronic sequence, frameshift and premature stop codon (Boschann et al., 2020). The
cousins are homozygous for the splice variant. Biallelic loss of function variants of this gene are
known to be causative for the phenotype.

Image Source

Boschann, Felix, et al. "An intronic splice site alteration in combination with a large deletion
affecting VPS13B (COH1) causes Cohen syndrome." European Journal of Medical Genetics
63.9 (2020): 103973. DOI: 10.1016/j.ejmg.2020.103973

3.25Case 5

Synopsis
Recessive case with missense SNV + 5 UTR variant.

Disease
Mabry Syndrome (https://www.omim.org/entry/239300)

Causative Variant

Variant 1: Missense variant

Gene PGAP3

HGVS(c) NM_033419.5:¢c.860G>T
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HGVS(p) NP_219487.3:p.(W287L)

Genome 37 GRCh37:17:37829343:C:A
Genome 38 GRCh38:17:39673090:C:A
Genotypes index=0|1, father=0|1, mother=0|0
Allelic Balance index=0.5, father=0.5, mother=0.0
Variant 2: 5 UTR variant

Gene PGAP3

Genome 37 GRCh37:17:37828497:G:A
Genome 38 GRCh38:17:39672244:.G:A
HGVS(c) NM_033419.5:¢.*559C>T
HGVS(p) NP_219487.3:p.?

Genotypes index=0|1, father=0|0, mother=0|1
Allelic Balance index=0.5, father=0.0, mother=0.5

Note that we replaced the variant missense NM_033419.5:¢.861G>T from the manuscript with the
‘invented” variant NM_033419.5:¢.860G>T because the first is in ClinVar and we wanted to use a novel
variant in the training. The original variant leads to p.W287C whereas the “invented” variant leads to
p.-W287L. The PhyloP100way, MutationTaster and CADD scores are the same for both variants. We
retained the original 5’ UTR variant as we did not consider it possible to “invent” an equivalent variant.

Explanation

With these clinical features, GPIBD (glycosylphosphatidylinositol biosynthesis defects) is likely.
Therefore, a gene panel with PIG* and PGAP* genes allows to narrow down the variants.
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Figure. Depiction of the variants identified by Knaus et al. (2016).

Image Source

Knaus, Alexej, et al. "Rare noncoding mutations extend the mutational spectrum in the PGAP3
subtype of hyperphosphatasia with mental retardation syndrome." Human mutation 37.8 (2016):

737-744.

3.2.6 Case 6
Synopsis

Recessive case with SNV and CNV deletion; father unavailable

Disease

C A ¢ T C C C A

0
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€ 6 A C T A € A CEN G T ¢

Vertebral, cardiac, renal and limb defect syndrome 2 (https://omim.org/entry/617661)

Causative Variant

Variant 1: Missense

Gene
HGVS(c)

KYNU

NM_003937.3:¢.1283G>T
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HGVS(p) NP_003928.1:p.(R428L)

Genome 37 GRCh37:2:143799626:G:T

Genome 38 GRCh38:2:143042057:G:T

Genotypes index=0|1, father=NA, mother=0|1
Allelic Balance index=0.5, father=NA, mother=0.5
Variant 2: CNV Deletion

Gene KYNU

HGVS(c) N/A deletion of exons 1-8

HGVS(p) N/A

Genome 37 GRCh37:2:143632531-143721206:DEL
Genome 38 GRCh38:2:142874961-142963637:DEL
Genotypes index=0|1, father=NA, mother=0|0
Allelic Balance index=0.5, father=NA, mother=0.0

Notes: there are het. Variants in the deletion that need to be removed by the simulation.

Note that we replaced the variant NM_003937.2:¢.1282C>T from the publication with the “invented”
variant NM_003937.3:¢.1283G>T as we wanted the training to show a novel variant not in ClinVar yet.
The original variant leads to p.R428W while the “invented” variant leads to p.R428L. The PhyloP100way
score increases from -0.08 to 4.87 and CADD from 23.4 to 25.4 from the original to the “invented” variant.
The MutationTaster result is “disease-causing” in both cases.

Solution
Approach
Option 1:

- Filter for structural variants (index: variant): detection of 88 kb mulit-exon deletion of
KYNU (good candidate, autosomal recessive inheritance), not maternally inherited

- Filter SNVs for maternally inherited second alteration (genotype index 0/1, mother 0/1;
frequency recessive strict; impact: whole transcript shows; more -> gene lists and
regions -> gene allowlist: KYNU). This shows NM_003937.2:¢.1283G>T;p.(R428L)

Option 2:

- Filter SNVs with phenotype prioritization (genotype: index variant, mother any;
frequency: recessive strict; impact: AA change and splicing; quality: super strict;
prioritization: HPO: HiPhive human and CADD), enter HPO terms; first candidate: KYNU
NM_003937.2:¢.1283G>T;p.(R428L)

- Filter SV for second hit, not maternally inherited

Explanation
Biallelic LOF variants in KYNU cause the described phenotype. The missense variant has been

identified 5x het in gnomAD. A different aa change at the same position has been annotated in
ClinVar as pathogenic (and has been published by Ehmke et al.). We cannot prove that the two
variants are biallelic due to absence of paternal sequence data.

Image Source

Ehmke, Nadja, et al. "Biallelic variants in KYNU cause a multisystemic syndrome with hand
hyperphalangism." Bone 133 (2020): 115219.
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3.2.7 Case 7

Synopsis

Compound heterozygous case with CNV deletion and 5 UTR polymorphism (AF >1%)

Disease

Thrombozytopenia absent radii (TAR) syndrome (https://omim.org/entry/274000)

Causative Variant
Variant 1;: 5’ UTR

Gene
HGVS(c)
HGVS(p)
Genome 37
Genome 38
Genotypes
Allelic Balance
Variant 2: DEL
Gene
HGVS(c)
HGVS(p)
Genome 37
Genome 38
Genotypes
Allelic Balance

RBM8A

NM_005105.5:c.-21G>A
NP_005096.1:p.?
GRCh37:1:145507646:G:A
GRCh38:1:145927447:C:T
index=0|1, father=0|0, mother=0|1
index=0.5, father=0.0, mother=0.5

RBMS8A

N/A deletion of exons 2-4

N/A

GRCh37:1:145507968-145508 :DEL
GRCh38:1:145926435-145927124:DEL
index=0|1, father=0|1, mother=0|0
index=0.5, father=0.0, mother=0.0

Notes: there are het. Variants in the deletion that need to be removed by the simulation.

Solution and explanation

Although this is a very tricky case, there are different strategies to solve this case. Similar to
case 6 you could start with SV filtering. With the default settings you won'’t find a good candidate
variant. However, if you relax the SV size settings to 500bp, you will get the 3 exon deletion in
RBMBSA. If you read about the phenotype associated with this gene, you should be pretty
confident that this is the right one. Thus, you have to look for the second hit.

Some of you might also start from the phenotype and prioritize with HPO terms “absent radius”
and “abnormal platelet count”, because this is a very specific and indicative combination of
clinical features. TAR syndrome or RBMS8A should be your gene of interest. If you choose “quick
preset” = “whole exome” and “more”->"gene lists” -> “RBM8A” you will find the intronic variant
(among others). However, this is the only one that makes sense with respect to mode of
inheritance and frequency - although it is quite high for a recessive disorder (see trivia below)
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Quick Presets ‘ Frequency ~ ‘ Variants & Effects ~

Genotype Frequency Variants & Effects QL

SV Size
5000 min. SV size

Genotype Prioritization Frequency More ... ™

Phenotype Prioritization

Phenotype-based prioritization is based on matching the gene that a variant is located in with your patient based on the
phenotypes of genes and patients. VarFish use Exomiser for this which already knows about genes. To describe the phenotypes
for your patient, enter phenotypes (HPO) or diseases (OMIM) into the "Type HPO or OMIM..." box and click on the
appearing suggestions to select them. The HPO and OMIM terms will then be added to the text box below. These values will
then be used for the prioritization. You can also paste some terms, e.g., as "HP:0004440; OMIM:122850".

Enable phenotype-based prioritization

Note well that only variants in the first 1000 genes returned by your query will be prioritized!

Algorithm

HiPhive (human only) v
Prioritizer algorithm to use. Phenix uses known human disease gene, Phive also uses information from mouse models, and HiPhive
also uses zebrafish and protein-protein interaction.

HPO and OMIM Terms
I'I'ype HPO or OMIM name or ID here (min 3 characters) to get suggestions below (20 are displayed at m:

No suggestions yet.

HP:0003974 - Absent radius; HP:0011873 - Abnormal platelet count
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Genotype Prioritization Frequency More ... ~

Variants & Effects

Select a list of genes to ignore (blocklist), a list of gen ipecific genomic region.

Gene Blocklist Quality

Clinvar, HGMD & dbSNP

Enter genes to block-list here - -
Gene Lists & Regions

Flags & Comments

. Configure Downloads
Gene Allowlist | Add Preset ~ ’ ‘ Add from > green -~ and above
Miscellaneous

RBMS8A Filter Import/Export

The mode of inheritance of TAR syndrome was unclear for quite some time. Did you find only
the rare deletion and suspected a dominant mode of inheritance? This is also what the
community thought first. However, unaffected carriers with a 200kb microdeletion were identified
implying that haploinsufficiency of the deleted region is not sufficient to cause TAR syndrome.

It took some while until the second hit, NM_005105.5:c.-21G>A, was identified to be pathogenic
because it has an AF>1%. However, there are also unaffected homozygotes of
NM_005105.5:¢c.-21G>A. Thus, you may discuss whether TAR fits to a classicial autosomal
recessive mode of inheritance. In the literature it is described as a compound inheritance of a
low-frequency noncoding SNP and a rare null allele in RBM8A (Albers, et al.)

Image Source

Albers, Cornelis A., et al. "New insights into the genetic basis of TAR (thrombocytopenia-absent
radii) syndrome." Current opinion in genetics & development 23.3 (2013): 316-323.

Elmakky, et al. “Role of genetic Factors in the Pathogenesis of Radial Deficiencies in Humans”
Current Genomics 2015, 16, 264-268

3.2.8 Case 8

Synopsis
Missense variant in index causes disease with parental mosaicism in unaffected father

Disease
Noonan Syndrome, NS (https://www.omim.org/entry/163950)

Causative Variant

Gene PTPN11

HGVS(c) NM_002834.5:c.166A>G
HGVS(p) NP_002825.3:p.(156V)
Genome 37 GRCh37:12:112888150:A:G
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Genome 38 GRCh38:12:112450346:A:G
Genotypes index=0|1, father=0|1, mother=0|0
Allelic Balance index~0.5, father=0.3, mother=0.0

Solution and Explanation

The pedigree suggests a de novo mutation or an AR cause. However, the disease causing
variant can only be found after relaxing the filter so that also rare variants with incomplete
penetrance, or parental mosaics can pass. This is particularly important for syndromes such as
Noonan in which a large phenotypic variability is observed.

Note that germline mosaicism is also age-dependent for mutations in the MAPKinase pathway
indicating a selectional advantage.

Image Source

Athota, et al., Molecular and clinical studies in 107 Noonan syndrome affected individuals with
PTPN11 mutations, BMC Medical Genetics 2020
https://bmcmedgenet.biomedcentral.com/articles/10.1186/s12881-020-0986-5

3.2.9 Case 9

Synopsis
(mostly) Intronic microdeletion in single index

Disease
Koolen-de Vries syndrome (https://www.omim.org/entry/610443)

Causative Variant

Gene KANSLA1

HGVS NM_015443.4:¢c.1849-4611_1895del

HGVS(p) NP_056258.1:p.?

Genome 37 GRCh37:17:44128024-44132681:DEL

Genome 38 GRCh38:17:46050658-46055315:DEL

Genotypes index=0|1, father=NA, mother=NA

Allelic Balance index=0.5, father=NA, mother=NA

Notes: there are het. Variants in the KANSL1

deletion that need to be removed by the e =7y =gyt
simulation.

ejep awoxa

Solution and Explanation

The facial gestalt suggests Koolen de Vries

syndrome, however, no pathogenic variants

can be found with the default settings for =
variants and SVs. Reducing the minimal SV Iz 3 S b
size to 500 shows a variant of size ~4.5kb. e —

ejep awouad


https://www.omim.org/entry/610443

Small deletions (<5kb) are difficult to call in exome data, but easy in genome data. The lesson
from this case is: if phenotype information indicates a certain disorder with high evidence, you
should screen the alignment.

Image Source

Fabian Brand, Peter Krawitz, Claudia Perne. Next-generation phenotyping contributing to the
identification of a non-coding deletion in KANSL1 causing Koolen-de Vries syndrome. Human
Mutation. (accepted)

3.2.10 Case 10

Synopsis
Variant that causes an ID syndrome if de novo in germline, but that also occurs in higher age
due to clonal hematopoiesis

Disease
Tatton-Brown-Rahman syndrome (https://omim.org/entry/615879)

Causative Variant

Gene DNMT3A

HGVS(c) NM_022552.5:c.994G>A

HGVS(p) NP_072046.2:p.(G332R)

Genome 37 GRCh37:2:25470480:C:T

Genome 38 GRCh38:2:25247611:C:T
Genotypes index=0|1, father=0|0, mother=0|0
Allelic Balance index=0.31, father=0|0, mother=0|0
Explanation

Variants that occur due to clonal hematopoiesis in elder individuals without clinical
consequences can cause “false negative” filtering results if the de novo filter is very strict. The
case could be solved by relaxing the population frequency filter. However, since in most IDs that
are due to de novo mutations the penetrance is close to 100%, all carriers have to be carefully
inspected. This variant only occurs in old people which is compatible with clonal hematopoiesis
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Image Source and literature

Screenshot from gnomAD

Brunet, et al. Clonal hematopoiesis as a pitfall in germline variant interpretation in the context of
Mendelian disorders (https://pubmed.ncbi.nim.nih.gov/35179199/)

Tatton-Brown, et al. Mutations in the DNA methylthrasnferase gene DNMT3A cause an
overgrowth syndrome with intellectual disability.

3.2.11 Case 11

Synopsis
Paternally inherited heterozygous variant; X-linked dominant inheritance with more pronounced
phenotype in affected females.

Disease
Craniofrontonasal syndrome (https://www.omim.org/entry/304110)

Causative Variant

Gene EFNB1

HGVS(c) NM_004429.5:c.409A>T
HGVS(p) NP_004420.1:p.(T137S)

Genome 37 GRCh37:X:68059508:A:T
Genome 38 GRCh38:X:68839666:A:T
Genotypes index=0|1, father=1|1, mother=0|0
Allelic Balance index~0.5, father=1.0, mother=0.0
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https://pubmed.ncbi.nlm.nih.gov/35179199/
https://www.omim.org/entry/304110

Note that we replaced the original variant NM_004429.5:¢.407C>T with the “invented” variant
NM_004429.5:c.409A>T. Rather than p.S136L, this causes p.T137S but the predicted impact is at least
the same (PhyloP100way of 9.06 instead of 7.682, MutationTaster disease-causing in both, CADD score
falls from 31 to 10.9 but VarSome still gives 18/20 predictors as pathogenic).

Solution
Approach
- Filter SNVs with phenotype prioritization (genotype: index variant, parents any;
frequency: recessive strict; impact: AA change and splicing; quality: super strict;
prioritization: HPO: HiPhive human), enter HPO terms; first candidate: EFNB1
NM_004429.5:c.409A>T

Explanation
None of the existing presets could find the variant because it is a rare case of a pathogenic

variant inherited from the mildly affected father. The variant affects a highly conserved aa and
has not yet been observed. Craniofrontonasal syndrome is a suitable diagnosis for the girl and
the father’s clinical features represent the mild end of the phenotype, occasionally observed in
affected males.

Image Source

Hogue, J., Shankar, S., Perry, H., Patel, R., Vargervik, K., Slavotinek, A. A novel EFNB1
mutation (c.712delG) in a family with craniofrontonasal syndrome and diaphragmatic hernia.
Am. J. Med. Genet. 152A: 2574-2577, 2010.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/ajmg.a.33596

Appendix

A Abbreviations

CuBl Core Unit Bioinformatics

HGVS Human Genome Variation Society

IGSR International Genome Sample Resource
NGS Next-Generation Sequencing

SNV Single Nucleotide Variant
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SV

Structural Variant
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