
NGS in diagnostics:

where things can go wrong

Johan den Dunnen and Anna Benet-Pagès

VEPTC – Johor 2018



• Sampling

• Sample preparation

• Sequencing

• Mapping

• Variant Calling

• Variant Annotation

• Checks

• Variant Interpretation

NGS Workflow 



• Sampling

• Sample preparation

• Sequencing

• Mapping

• Variant Calling

• Variant Annotation

• Checks

• Variant Interpretation

NGS Workflow 



Sample Swaps and contamination - frequency and most common reasons

Pre-analytical
(collection, 
purchase) 

Analytical 
(lab. Analysis)

Post-analytical
(assessment –

reporting)

60% 19% 15% Molecular genetic testing
88.394 patients , 1 year

Percentage of laboratory errors by processing phase; Green, 2013

¾ LIMS

¾ Barcoding

¾ Double check (2-man rule)

¾ Automated liquid handling

¾ Paralell sample identification analysis

(second methodology)

¾ Programming of system interfaces



Challenge: Primer design in GC, repeats, SNPs
Consequences: amplicon amplification reproducibility low

allelic drop out   
uneven coverage

CNV detection not possible

Sample preparation – PCR-based – regions not amplified

Region of interest: exons we want to analyze within the panel

Validation: covered regions from the NGS results

coverage of a single amplicon



Sample preparation – capture-based – uneven coverage

Gene Kit Version %Coverage
ROI >20x

Standard
Deviation

SPG7 1.0.0 88.8 5.230

SPG7 2.0.0 94.7 7.184

SPG7 3.0.0 99.6 0.713

Tiling Density: 5x

Masking: 
least stringent

Boosting:
max Performancemissed variants



Sample preparation – uneven coverage – false CNV calls

False positive deletion calls in the SCN1A gene



Sample preparation - capture – homologues sequences

VWF gene causes „von Willebrand Syndrom“: 

Pathogenic mechanismus: SNVs (~90%), CNVs (~10%), 6-335 bp geneconversions

VWFP1 - von Willebrand factor pseudogene 1  
chr22:17,170,925-17,185,367 

VWF – von Willebrand factor gene
chr12:6,118,707-6,137,253 



Sequencing – systematic errors – occur in 1 in 1000 base pairs
¾ base-call errors aggregate at specific genomic locations across multiple sequence reads

random
error

random
error

systematic error

motiv around systematic errors

Pfeifer et al.; 2018

Origin phasing effect

Pre-phasing
of strand
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reference genome – minor alelle - variants missed

¾ hg19 reference assembly do not represent major alleles at all three billion positions

¾ 7% of false negative calls and 30% of false positive calls

Allele freq. # minor alleles

0 – 0.5 4.451.312

Karthikeyan et al. 2016 

Hg19 A (minor allele) A (minor allele) A (minor allele)

sample A A/T T

call No call Call T (major alelle) Call T (major alelle)



Mapping – reference genome – indel errors
Hg19 RECQL4 chr8:145738768-145738768



¾ Reference genome (ABO O-type, del 1 nt) and reference transcript differ (ABO A-type)

Ensembl data copied from dbSNP

Note the strange, non-HGVS, descriptions.
All are incorrect. 

Mapping – reference genome – indel errors



Mapping variants in simple sequences (homopolymers)

¾ MSH2 : NM_000251:c.942+3A>T Most frequent pathogenic MSH2 variant in HNPCC – Lynch Syndrome

Wt: A

WT A ALT  A>T



¾ BRCA2

Mapping – missing insertions

wt

affected

wt

affected



Mapping – reference genome – repetitive regions



Human and Clinical Genetics

GATTTGGGCAGAGCGATGG GATTTGGGCAGAGCGATGG

GATTTGGGCAGAGCGATGG

GATTTGGGCAGAGCGATGG
+

GATTTGGGCAGAGCGATGG

GATTTGGGCAGAGCGATGG

true situation

0% variant

GATTTGGGCAGAGCGATGG

GATTTGGGCAGAGCGATGG
+

GATTTGGGTAGAGCGATGG

GATTTGGGTAGAGCGATGG

50% variant

( e.g. globin genes )

© JT den Dunnen

Mapping non-unique
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GATTTGGGCAGAGCGATGG GATTTGGGCAGAGCGATGG

to dust bin

"deletion" "deletion"
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Human and Clinical Genetics

GATTTGGGCAGAGCGATGG GATTTGGGCAGAGCGATGG

to dust bin

variant missed
deletion (low coverage) missed

© JT den Dunnen

GATTTGGGCAGAGCGATGG

GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG

GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG

0% variant 0% variant

Non-unique



Human and Clinical Genetics

GATTTGGGCAGAGCGATGG GATTTGGGCAGAGCGATGG

GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGTAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGTAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG

map to first position

25% variant ( no data )

© JT den Dunnen

Non-unique



Human and Clinical Genetics

GATTTGGGCAGAGCGATGG GATTTGGGCAGAGCGATGG

to all

variant missed / found twice

© JT den Dunnen

GATTTGGGCAGAGCGATGG
GATTTGGGTAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGTAGAGCGATGG

GATTTGGGTAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGTAGAGCGATGG

40% variant 40% variant

Non-unique



Human and Clinical Genetics

GATTTGGGCAGAGCGATGG
GATTTGGGTAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG

probabalistic mapping

25% variant

GATTTGGGCAGAGCGATGG GATTTGGGCAGAGCGATGG

GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGTAGAGCGATGG

25% variant
or

© JT den Dunnen

GATTTGGGCAGAGCGATGG
GATTTGGGTAGAGCGATGG
GATTTGGGTAGAGCGATGG
GATTTGGGCAGAGCGATGG

50% variant

GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG
GATTTGGGCAGAGCGATGG

0% variant
or

50% variant0% variant

Map Non-unique



Mapping in pseudogenes – missing SNVs due to Gene conversions

exon 9 dosis 0,5

Case

Control

exon 9 dosis 1,5ABCC6 ABCC6P1 

¾ Pseudoxanthoma elasticum; c.4182del (p.Lys1394Asnfs*9) – class 5

ABCC6 ABCC6P1



c.1132C>T

8 10 11 ABCC6P1

8

9

10 11 ABCC6

8 10 11 ABCC69

c.4182del (p.Lys1394Asnfs*9)

9

c.1132Tc.1132C>T p.Q378* 

9

9

c.1132T         

c.4182del (p.Lys1394Asnfs*9)  - class 5

c.1132C>T p.Q378* - class 5

Variant Calling – missing SNVs due to Gene conversions



Variant Calling – male/female – X and Y chr pseudoautosomal region

¾ Number of SNVs called in X and Y chromosome in males

2,2

5,8

28,6

14,8

chrY hemi
chrY het
chrX hemi
chrX het

artifact
artifact



For variant calling, where to draw the line (threshold)

We set it initially at 10 reads or more, i.e. variants are not reported when we had 10 reads or less.

Variant Calling – male/female – X and Y chr pseudoautosomal region

As a consequence we missed 9 reads, all with the same variant, on the X-chromosome in a male patient 
causing the disease !

A proper NGS pipelines treats the X-/Y- chromosomes different to call variants in males.



Variant Calling – SVs and CNVs – different tools deliver diferent calls

Tool Mean Calls per Sample

Canoes ~ 1.4
Clamms ~ 5.1
Codex ~ 2.6
ExomeDepth ~ 7.7
Inhouse ~ 4.4

¾ Sample set ~1000 individuals



Variant Calling – limits of detection - mosaicism in PIK3CA

NM_006218
c.2740G>A:p.Gly914Arg

NM_006218
c.3145G>A:p.Gly1049Ser

Only detected with the

LOW-FREQUENCY pipeline

¾ Look for the right variant feature in 
the right gene/disease



Annotation – delins in splice site regions

RASA1 : NM_002890:c.1016_1017insTTA:p.Gly340*; het; AD >>>> Stopp gain

Addition of tyrosin > splice-site not affected (moves 3 positions)

TTA

HGVS: RASA1: c.1017delinsTTAC:p.(Val339_Gly340insTyr) het



Annotation – delins annotation as two single events

BRCA2 : NM_000059_c.5609T>A;p.Phe1870Tyr;het

BRCA2 : NM_000059_c.5609T>A;p.Phe1870Leu;het



Annotation – delins annotation as two single events

BRCA2 : NM_000059_c.5609T>A;p.Phe1870Tyr;het

BRCA2 : NM_000059_c.5609T>A;p.Phe1870Leu;het

HGVS: BRCA2: c.5609_5610delTCinsAG (p.Phe1870*) 



PKHD1

NM_138694:c.12142C>T:p.Gln4048*

¾ truncating strong

NM_138694:c.12141A>G:p.Gln4048Arg hom

¾ >5% frequency (automatically filtered

out)

Filtering after population frequency = missed variant in complex call event
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Checks  – % mapped reads/ average coverage / target coverage

% of duplicates

¾ Define a minimal coverage

treshold in addition to mean

coverage

¾ Duplicates decrease the efficiency of sequencing

raw reads % on-target % >30x



Check - sample  contamination

¾ Check calls: Homozygote vs. heterozygote SNPs/Indels or Transversions vs. Transitions

¾ Check mapping : reads from other species



Checks  – Exclusion of sample swap

NGS raw data
SNPs

Other methodology
SNPs

DNA
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Checks  – new pipeline / component : re-run standard controls
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¾ Paraganglioma and pheochromocytoma upon maternal transmission of SDHD mutations

¾ Only individuals who inherit the mutation from their father are affected

¾ If the mutation was inherited from the mother, they are not affected

Imprinting – maternal vs. paternal inheritance



KIAA2022 – X-linked
Females (epileptic encephalopathy) / males (intelectual disability)

Interpretation – male / female different phenotypes



PCDH19: X-linked … but ONLY heterozygous females and mosaic males are affected

Interpretation – unexpected pathomechanismus



Interpretation softwares - Filtering intronic variants nearby exon sites???

„Guidelines for Splicing Analysis in Molecular Diagnosis Derived from a Set of 327 Combined In Silico/In Vitro Studies on BRCA1 and
BRCA2 Variants" Tosi, Houdayer, Stoppa-Lyonnet et al. Hum Mutat 2013.

¾ check for default filtering parameters, usually +/-2 !! 

>10.000 Samples

6346 variants iat teh Cartegni site

557 class 4/5

46 class 4/5 – 8.2%



Interpretation – keep looking for the second hit!!

¾ IHC loss of MLH1/PMS2 in the tumour

¾ SNV analysis:

heterozygous SNV in MLH1 exon 8
NM_000249.3:c.799G>A+c.800T>G:p.Val267Arg

¾ CNV analysis: inconspicuous

¾ Deep-intronic sequencing:

Complex rearrangement on chromosome 2 that 
causes a paracentric inversion between the 
DCLK3 gene and MLH1



Murphys law also apply for diagnostics!!!


