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Bioinformatic pipeline and quality criteria

Which bioinformatic solutions are available?

- Laboratory developed using open source software, e.g.

• BWA mapping

• freebayes variant calling

- Platform specific solutions, e.g.

• IonReporter (ThermoFisher)

• BaseSpace (Illumina)

- Commercial software packages, e.g.

• CLCbio

• Nextgene

• SEQNext JSI

…..and many others
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Bioinformatic pipeline and quality criteria
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➢ files are uploaded into the FileMaker data base for evaluation: 

Bioinformatic pipeline and quality criteria
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➢ Which variants are taken into account?

- coverage of all amplicons > 200

- allele frequency > 5%

Bioinformatic pipeline and quality criteria
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Nomenclature of Variants
➢ You need to be sure that you are looking at the right variant!!!

http://varnomen.hgvs.org/
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1. "c" for coding DNA sequence

„p“ for amino acid sequence

2. Change on DNA level

in capital letters beginning with the first nucleotide affected: 

c.1799T>A

3. Change on amino acid level

in capital letters beginning with the first amino acid affected

p.V600E

Nomenclature of variants

➢ the amino acids affected can be described in one- or three-letter code, whereas

the three letter code is preferred
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1. Change on DNA level

› the position of the first nucleotide is given: 

› c.2240

› “del” indicates a deletion of a nucleotide

› c.2240del

› “_”    (underscore) indicates a range of affected residues, separating the first and the last residue affected

c.2240_2254del

2. Change on amino acid level

› the first amino acid and its position are given

p.L747

› “del” indicates a deletion of an amino acid

p.L747del

› “_”    (underscore) indicates a range of affected residues, separating the first and the last residue affected

p.L747_T751 

› “ins” indicates an insertion of nucleotide or amino acid

› “dup” indicates a duplication of nucleotide or amino acid  

› “fs” indicates a frameshift

Nomenclature of complex variants
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Nomenclature of variants

KRAS Exon 2:

c.34_35delinsTT not c.34_35GG>TT

p.G12F

➢ some general rules – indel/point mutation
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Nomenclature of variants
➢ some general rules - duplication

➢ some general rules – 3‘rule
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Nomenclature of variants – Reference sequences
➢ BRCA2: NM_000059

➢ BRCA1: NM_007300 is used for panel design (Qiagen!)

NM_007294 is used by most databases (codons 1454-1475 are missing, from codon

1475, 21 amino acids have to be subtracted)



29.01.2018  Sabine Merkelbach-Bruse & Carina Heydt

Classification of Variants

1 (not pathogenic or of no clinical significance);

2 (likely not pathogenic or of little clinical significance);

3 (uncertain);

4 (likely pathogenic);

5 (definitely pathogenic)

➢ distribution according to ARUP database:  BRCA2
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Database name (website link 

if available)

Provider Description 

The DMuDB Curated by the NGRL Manchester, UK Established in 2005 by NGRL as a repository of diagnostic variant data, to support the diagnostic 

process in UK genetic testing laboratories

Access to DMuDB now extended to non-UK laboratories through a partnership with EMQN

Subscription charges are €275 per laboratory per year

BIC NHGRI, USA International database of many BRCA1 and BRCA2 mutations including UV/VUS that have been 

voluntarily submitted by researchers, clinicians, counsellors and nurses 

Classifications results are shown when available

Free to registered users

IARC database (brca.iarc.fr) IARC, Lyon, France Results of multifactorial analyses of unclassified variants

UMD (http://www.umd.be) Database updated for BRCA1/2 mutations every month from all French genetic laboratories (n=16)

There is a manual check on every database each time a new variant is identified

Includes breast and ovarian cancer; every family with a variant identified in France

HGMD 

(www.hgmd.cf.ac.uk),

Public database site (that at www.hgmd.cf.ac.uk), updated twice a year while the subscription

version (HGMD Professional; available from, BIOBASE), is updated every three months 

Not synchronized to other databases

Data are derived from scientific literature; consequently, all the data has been peer-reviewed

Also includes details of functional analyses in the secondary referencing to provide more evidence 

of causation 

ENIGMA ENIGMA, a consortium of 
investigators focused on determining 
the involvement of all UV/VUS, in the 
BRCA1/2

New variants are constantly examined, as submitted by members

As variants are classified, they are transferred to the BIC database (and others)

Not publically available; consortium is a group of researchers who bring their separate expertise to 

the whole problem of unclassified variants. They work exclusively with germ-line variants that have 

been observed in samples referred to genetic testing because of personal or family history of 

breast and/or ovarian cancer

Classification of Variants - Databases

Capuluongo et al., Sem Oncol 2017

BIC, Breast Cancer Information Core; CIMBA, Consortium of Investigators of Modifiers of BRCA1/2; DMuDB, Diagnostic Mutation 
Database; EMQN, European Molecular Genetics Quality Network; ENIGMA, Evidence-based Network for the Interpretation of 
Germline Mutant Alleles; HGMD, The Human Gene Mutation Database;  IARC,  International Agency for Cancer Research; NGRL, 
National Genetics Reference Laboratory; NHGRI, National Human Genome Research Institute; UMD, Universal Mutation Database; 
UV: unknown variants; VUS: variants of unknown significance

classification?

classification not always available

http://www.umd.be/
http://www.hgmd.cf.ac.uk/
http://www.hgmd.cf.ac.uk/
http://www.biobase-international.com/product/hgmd
http://www.biobase-international.com/
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Database name (website link if 

available)

Provider Description

CIMBA 

(ccge.medschl.cam.ac.uk/conso

rtia/cimba)

CIMBA, a collaborative group of 

researchers working on genetic 

modifiers of cancer risk in BRCA1 

and BRCA2 mutation carriers 

Database for research purposes

Not synchronized with other databases

All mutations in CIMBA are pathogenic mutations

1621 unique BRCA1 and 1640 unique BRCA2 mutations in CIMBA

No subscription (yet)

BRCA Challenge 

(http://brcaexchange.org/).

Joint initiative of the Global Alliance 

for Genomic and Global Health and 

the Human Variome Project

Involves several hundred institutes and academic organizations around the world; aim is to pool available data 

on BRCA1/2 genetic variants from around the world to further the understanding of genetic variation in these 

genes and improve patient diagnoses and disease prevention

Collated information available via a public website which enables the user to search for available information 

on individual BRCA1/2 genetic variants and their current classification of benign or pathogenic 

ClinVar: 
(http://www.ncbi.nlm.nih.gov/clin
var/)

Freely accessible, public archive of reports of the relationship between human genetic variations and 

phenotypes, with supporting evidence

Submission are received from clinical testing laboratories, research laboratories, locus-specific databases, 

expert panels and professional societies 

ClinVar is an active partner of the ClinGen project, providing data for evaluation and archiving the results of 

interpretation by recognized expert panels and providers of practice guidelines

When submitters update their records, the previous version is retained for review

ARUP
http://arup.utah.edu/database
/BRCA/index.php

University of Utah Huntsman 

Cancer Institute (HCI), and with 

the WHO International Agency for 

Research on Cancer (IARC), the 

University of Utah Department of 

Pathology and ARUP Laboratories 

The purpose of this database is to provide information on BRCA1 and BRCA2 gene mutations and 

their impact on risk of developing breast cancer, ovarian cancer and certain other cancers. 

Two types of databases are provided. One is a list of mutations curated from critical review of 

literature and family studies. The other provides in silico prediction of risk to help understand 

variants of unknown significance.   Free and functional relevance
Two genes (BRCA1 and BRCA2) are curated separately. The two databases mentioned above are 

available for both genes. Go to the landing pages for either gene with the buttons below.

Classification of Variants - Databases

modified from Capuluongo et al., Sem Oncol 2017

under construction

file://///172.19.119.200/IMC_MandS/Olaparib/BRCA tumour testing manuscript_J362/Submission to Seminars Oncol/ccge.medschl.cam.ac.uk/consortia/cimba
http://brcaexchange.org/
http://www.ncbi.nlm.nih.gov/clinvar/
http://www.ncbi.nlm.nih.gov/clinvar/docs/review_guidelines/
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➢ targets analyzed (ie, BRCA1 and/or BRCA2)

➢ the regions covered for each gene (eg, coding region only or intronic and exonic regions)

➢ overall results: either pathogenic or deleterious variants present or absent 

➢ mutation details (when present): cDNA and amino acid change according to HGVS 
nomenclature

➢ reference sequence, including version used for annotation and HGVS nomenclature

➢ summary and interpretation: including pathogenic or likely pathogenic classification of
the identified variants.

➢ non–pathogenic variants should not be reported, although the laboratory may keep a 
record of these. Variants of unknown significance should be reported separately and 
clearly indicate the lack of sufficient clinical or biological evidence. Information regarding
the potential therapeutic implications should be included when possible. 

Capoluongo et al., Sem Oncol 2017

Classification of Variants - Reporting

Informations concerning the mutation:
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Classification of Variants - Reporting

Capoluongo et al., Sem Oncol 2017

➢ additional informations in the report:
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Data analysis – pathology report
written by the molecular biologist 

description of the method

result

Statement:

….recommendation of ‘targeted therapy‘ if clinical indication is given and patient has

a class 4 or 5 mutation

….if BRCA mutation is found in tumour and no germline data are available the report needs

to clarify that there may be a germline mutation recommendation of genetic counseling

written by the pathologist 

Classification of Variants – Example report from Cologne
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Challenging Cases – Case 1
➢ Nomenclature of variants: Variant Calling gives wrong description:

➢ BRCA2: c.8168_8169insTGGG p.Asp2723fs c.8172_8175dup    p.Tyr2726Valfs*5
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Challenging Cases – Case 1

➢ Duplication, not

Insertion!!
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Challenging Cases – Case 1

➢ BRCA2: c.8172_8175dup    p.Tyr2726Valfs*5

➢ within this region, only a duplication can be found in the databases:

ARUP:

ClinVar:
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Challenging Cases – Case 1

➢ it was previously known

that patient has a BRCA

mutation

➢ blood sample not available

Statement:
….normal tissue was analysed
….recommendation of ‘targeted therapy‘; patient has class 5 mutation

➢ result
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Challenging Cases – Case 2
➢ Nomenclature of variants: Variant Calling gives wrong description:

➢ BRCA2:      c.3854delA p.Glu1285fs c.3860delA    p.Asn1287Ilefs*6 
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Challenging Cases – Case 2

➢ 3‘ rule: deletion has to be moved forward in the direction of 3‘ end:

➢ first A in stretch: position 3854

➢ last A in stretch: position 3860
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Challenging Cases – Case 2
➢ BRCA2:      c.3860delA    p.Asn1287Ilefs*6 

➢ within this region only a deletion of a single „A“ in position 3860 can be found in databases

ARUP:

ClinVar:
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Challenging Cases – Case 2

Statement:

….prostate cancer with class 5 mutation and an additional pathogenic mutation in ATM

…..recommendation of ‘targeted therapy‘ if clinical indication is given

……genetic counseling is recommended
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Challenging Cases – Case 3

➢ Nomenclature of variants: Variant Calling gives wrong description:

➢ BRCA2:      c.1302_1308del p.Lys434fs c.1304_1310del   p.Arg435Lysfs*27 
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Challenging Cases – Case 3

➢ 3‘ rule: deletion has to be moved forward in the direction of 3‘ end:
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Challenging Cases – Case 3

➢ 3‘ rule: deletion has to be moved forward in the direction of 3‘ end:

➢ Mutation not described in any of the databases

➢ How to classify?
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Challenging Cases – Case 3

➢ use of ENIGMA rules:

➢ BRCA2:      c.1304_1310del   p.Arg435Lysfs*27 
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Challenging Cases – Case 3

Statement:

….truncating mutation, not found in databases, but classified as class 5

…..recommendation of ‘targeted therapy‘ if clinical indication is given
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Challenging Cases – Case 4 (case from 1. German ring trial)
➢ Detection and nomenclature of variants can depend on panel design:

➢ BRCA1:      Allele 1:     c.1127delA    p.Asn376Ilefs*18

Allele 2:     c.1127delA and c.1179_1183delAGGTT

or c.1127_1180delins48bp p.N376_G394delinsIAAFRKLMSGFPEVMNC

➢ both deletions must be covered by the same amplicon otherwise you can‘t decide

whether they are located on the same allele



29.01.2018  Sabine Merkelbach-Bruse & Carina Heydt 32

First run

Second run

Challenging Cases – Case 4

➢ BAM file from Qiagen panel:
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Amplicons LifeTech

Amplicon Qiagen

LifeTech

Qiagen

Challenging Cases – Case 4
➢ if the library is prepared with the LifeTech panel, both deletions are located on different 

amplicons and are detected separately
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Challenging Cases – Case 4

➢ BRCA1:      Allele 1:     c.1127delA    p.Asn376Ilefs*18

Allele 2:    c.1127_1180delins48bp p.N376_G394delinsIAAFRKLMSGFPEVMNC

➢ only the 1 bp deletion is found in the ARUP database, the complex deletion isn‘t described

in any database
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Challenging Cases – Case 5 ( from the 1. European ring trial)

➢ Detection of variants depends on bioinformatics:

➢ BRCA1:      c.213-11T>G

➢ region wasn‘t defined in our BED file, so we couldn‘t detect this variant in our first analysis
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Challenging Cases – Case 5
➢ BRCA1:      BRCA1:      c.213-11T>G
➢ mutation can be identified in IGV with 36% allele frequency:



29.01.2018  Sabine Merkelbach-Bruse & Carina Heydt 37

Challenging Cases – Case 5

➢ BRCA1:      BRCA1:      c.213-11T>G

➢ mutation is classified as pathogenic in the ARUP database:

ARUP:
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Challenging Cases – Case 6
➢ Interpretation of variants of unknown significance:

➢ BRCA1:      c.211A>T p.Arg71Trp

➢ not detected in any of the databases; discussed with department for

Familiar Breast and Ovarian Cancer (FBZ) in Cologne
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Challenging Cases – Case 6

➢ BRCA1:      c.211A>T     p.Arg71Trp

➢ not in databases

➢ ENIGMA criteria for class 4 didn‘t

match

➢ first ENIGMA criterion for class 4

➢ not fulfilled
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Challenging Cases – Case 6

➢ mutation case 6:     c.211A>T p.Arg71Trp

➢ an exchange in the same position can be found but leads to another amino acid exchange

which is classified as pathogenic

➢ second ENIGMA criterion for class 4
➢ not fulfilled

ARUP:

ClinVar:
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Challenging Cases – Case 6

➢ case was discussed with the FBZ and classified as pathogenic

➢ a splice site prediction algorithm was used and predicted a 45.7% probability of

alternative splicing

➢ additionally the exchange is located within a functionally important domain of

BRCA1 (ring domain, 1-101)

➢ pathogenicity was also predicted by SIFT, Mutationtaster and Polyphen

1. Statement:

- tumor shows wildtype sequence for BRCA2 and VUS for BRCA1; until now no evidence for

any therapy option, result will be discussed with FBZ and reported back

2. Statement:

- variant in BRCA1 is classified as class 4

- targeted therapy is recommended if the clinical indication is given

- genetic counseling is recommended to clarify the family history and a potential germline

mutation
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Challenging Cases – Case 7
➢ Interpretation of variants of unknown significance:

➢ BRCA2:      c.8420C>T p.Ser2807Leu

➢ classified as VUS in databases; agreement with FB
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ENIGMA

Challenging Cases – Case 7
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Challenging Cases – Case 7

1. Statement:

- tumor shows wildtype sequence for BRCA1 and VUS for BRCA2; until now no evidence for

any therapy option, result will be discussed with FBZ and reported back

- genetic counseling is recommended

2. Statement:

- after discussion with the FBZ the variant in BRCA2 is still classified as VUS

- no therapy option with PARP inhibitor
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Challenging Cases – Case 8
➢ Interpretation of frame-shift variants:

➢ BRCA2:      c.10095delinsGAATTATATCT p.Ser3366Asnfs*4

➢ not found in databases, according to ENIGMA criteria without relevance
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Challenging Cases – Case 8
➢ BRCA2:      c.10095delinsGAATTATATCT p.Ser3366Asnfs*4
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Challenging Cases – Case 8
➢ BRCA2:      c.10095delinsGAATTATATCT p.Ser3366Asnfs*4

ENIGMA
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Challenging Cases – Case 8

Statement:

- tumor shows wildtype sequence for BRCA1 and a benign mutation for BRCA2

- there is no evidence for a therapy option with a PARP inhibitor
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Challenging Cases – Case 9
➢ Interpretation of splice-site variants:

➢ BRCA1:      c.4484+1G>C      BRCA2:         c.59A>G      p.Asn20Ser

➢ BRCA2 mutation: VUS, BRCA1 mutation: class 4
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Challenging Cases – Case 9
➢ BRCA1:      c.4484+1G>C 
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Challenging Cases – Case 9
➢ BRCA1:      c.4484+1G>C

➢ other exchanges in the same position are described as pathogenic in the databases

ENIGMA criteria classify

the mutation as likely

pathogenic
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Challenging Cases – Case 9

Statement:

- variant in BRCA1 is classified as class 4

- targeted therapy is recommended if the clinical indication is given

- genetic counseling is recommended to clarify the family history and a potential germline

mutation
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Lincoln et al., JCO PO 2017

Challenging Cases – Data from Literature

➢ discordance was only found for patients with rare variants

0,3% of analysed cases
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Comparison of ClinVar and Myriad

Gradishar et al., The Oncologist 2017
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Gradishar et al., The Oncologist 2017

Comparison of ClinVar and Myriad
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Thank you for your attention!!
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Challenging Cases – Case 7 – IGV muss zu diesem Fall nicht gezeigt werden


