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ABSTRACT 
 

Aims: The aim of this case report is to demonstrate the importance of prioritization of sensitivity 
over specificity, coupled with additional confirmation by using standard methods. Next-generation 
sequencing has revolutionized genetic research as it has allowed sequencing of human genomes 
within days. Generated raw sequencing data are manipulated using bioinformatic approaches for 
variant detection. Variant discovery should be performed on appropriately pre-processed data with 
the aforementioned prioritization of sensitivity over specificity.  

Case Report  
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Presentation of the Case: Here, we report a case of a low quality variant call, emitted due to 
prioritization of sensitivity over specificity. This call was found to be a causative variant for the 
patient’s phenotype. DNA extracted from peripheral venous blood of a young female with 
encephalopathy was sequenced on a MiSeq apparatus. The obtained and analyzed call set emitted 
a low quality heterozygous insertion with a high probability of a false negative call. Annotation 
revealed a known pathogenic insertion rs758946412 with a frameshift consequence flagged with 
“Early infantile epileptic encephalopathy type 9” in ClinVar. The emitted insertion was validated and 
confirmed by using SANGER sequencing and RFLP.                  
Conclusion: In the presented case, the variant could have easily been missed without the 
prioritization of sensitivity over specificity. Furthermore, the presented case also demonstrates the 
importance of additional methods for confirmation of NGS calls that do not meet the thresholds. 
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1. INTRODUCTION  
 
Rapid development of Next-generation 
sequencing (NGS) technologies has 
revolutionized genetic research and we are now 
able to sequence the human genome in a matter 
of days. On the other hand, due to the rapid 
development of new technologies, technical and 
data management challenges are emerging [1]. 
One sequencing run generates millions of small 
fragmented DNA sequences (reads), which need 
further analysis. With the use of bioinformatic 
analyses the generated raw data is further 
manipulated in terms of mapping the multiple 
individual fragments to the reference genome 
sequence, thus providing the depth of fragment 
coverage and variant detection [2]. To detect the 
variations, variant-calling workflows are used. A 
good variant-calling workflow involves methods 
of data preparation, which compensate for 
various errors, such as amplification bias, 
machine errors, software errors, and mapping 
artefacts [3]. To construct a robust variant-calling 
workflow, publicly available program packages 
BWA and GATK are used [4-6]. For variant 
discovery, appropriate pre-processing of data 
with prioritization of sensitivity over specificity is 
paramount in order to include as many potential 
variants as possible, without missing any. 
Subsequently, filters compensating for lower 
specificity can be applied [3].  
 

2. PRESENTATION OF CASE  
 
Here, we report a case of a low quality variant 
call, emitted due to employing prioritization of 
sensitivity over specificity, and found to be a 
causative variant for the patient’s phenotype. 
Moreover, we also demonstrate the importance 
of additional confirmation of such variant calls, 
since low quality calls have a high probability of 
false positive emission.  

DNA was extracted by TRI-reagent (Sigma-
Aldrich, Munich, Germany) from the peripheral 
venous blood of a 5-year-old female with 
epileptic encephalopathy who presented with 
global mental retardation and a history of 
seizures. A written informed consent was 
obtained from both parents. We generated 
sequencing libraries for paired-end read (2×150 
bp) exome sequencing on a MiSeq apparatus 
(Illumina) using TruSight One Sequencing Kit 
(Illumina, San Diego, California). The obtained 
reports of generated raw sequencing data 
showed decreased median read length of 54 bp 
and a decreased mean region coverage depth of 
20.3× with 64.6% of reads at target coverage at 
10× and 40.9% at 20×. However, the read quality 
at Q30 was 96.3%, indicating accurate 
sequencing of the sample. Generated raw data 
files were additionally checked by using FastQC 
v0.11.5. Alignment was carried out with the BWA 
v0.7.12-r1039 program package and reads were 
mapped to the UCSC hg19 reference genome. 
PCR duplicates were marked by using 
PicardTools v2.3.0. Further, the reads were 
locally realigned around indels by using GATK 
v3.3 and paired end mate information was 
subsequently fixed by using PicardTools. Base 
quality scores were recalibrated and variants 
were joint called with other exome samples by 
using HaplotypeCaller algorithm in the GATK 
package. The minimum phred-scaled emission 
and calling confidence threshold were set to 5 
and 30, respectively. Variant quality scores were 
recalibrated and normalized by using GATK. 
Furthermore, the obtained vcf files were 
annotated by using ANNOVAR v2017-06-01.  
 
With regard to the clinical presentation, the 
obtained call set was carefully inspected for 
variants in the genes correlated with epileptic 
encephalopathy and specifically in the PCDH19 
gene region, which is known to play a role in 



 
 
 
 

Gorenjak et al.; ARRB, 25(4): 1-5, 2018; Article no.ARRB.40312 
 
 

 
3 
 

early infantile epileptic encephalopathy restricted 
to females [7]. The inspected single nucleotide 
variants (SNV) were either synonymous or 
flagged tolerated/benign according to the Sift and 
PolyPhen-2 algorithms, which are tools for 
prediction of amino acid substitution effects and 
can be used for SNV evaluation [8,9]. In the 
PCDH19 gene region, two good synonymous 
benign SNV’s with “passed filter” status were 
called (rs1953337 at the coordinate 
ChrX:99661969 and rs41300169 at the 
coordinate ChrX:99663194) (Fig. 1). However, a 
heterozygous insertion was also called in the 
PCDH19 target gene region, which was flagged 
as a low quality call with low read depth of 12 
and hence could be a possible false positive 
variant.  
 

3. DISCUSSION 
 
The retained variant was “caught” in the final call 
set due to low calling emission threshold and 
higher sensitivity; it was also included in the 
annotation step. Annotation revealed that the 
called variant is a known insertion of the C base, 
with ID rs758946412 (Fig. 1) at the coordinate 
ChrX:99662504 with the frameshift consequence 
p.Tyr366LeufsTer10, and is flagged in ClinVar as 
pathogenic with disease name “Early infantile 
epileptic encephalopathy type 9” (EIEE9).  
 

EIEE9 is an X-linked disease limited to females, 
with high but incomplete penetrance [10]. A study 
of two unrelated families with affected female 
family members also suggests a somatic 
germline mosaicism [11].  
 
Although the detected insertion is more than 
compliant with the patient’s phenotype, validation 
is necessary in cases like this due to low read 
depth and high probability of false positive 
emission. Insufficiently validated tests tend to 
present a threat to the patient and should be 
unacceptable in a clinical diagnostic setting [1] 
and even in research oriented tests. In order to 
stringently validate the emitted call, primers for 
SANGER sequencing [12] and Restriction 
Fragment Length Polymorphism analysis (RFLP) 
were subsequently designed (Table 1). Both 
analyses confirmed the heterozygous insertion 
rs758946412 (Figs. 2 and 3).  
 
The present case report clearly elucidates the 
meaning of prioritization of sensitivity over 
specificity and supports the idea of lowering the 
emission thresholds. Appropriate filters, such as 
VariantRecalibrator in the GATK package during 
the variant quality score recalibration step can 
still be used and applied on high-sensitivity call 
sets in order to achieve the desired balance 
between sensitivity and specificity [3]. 
 

Table 1. Primers and restriction enzyme 
 

Gene Sequence accession 
number 

Primers 5' to 3' (SANGER+RFLP) Restriction 
enzyme 

PCDH19 NC_000023.11 TGGACGTGCAGGCTAAGGACT BseL I 
TGGAGACATAGGTGAAGACAGGCAT 

 

 
 

Fig. 1. Graphical view of the patient’s binary alignment file 
Arrows indicate the called SNV’s and the insertion in the PCDH19 gene region 
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Fig. 2. RFLP design and agarose gel electrophoresis results 
 Arrow indicates the 22-bp shorter fragment of the allele with insertion. Lane 1: Female reference sample; Lane 
2: Male reference sample; Lane 3: Female reference sample; Lane 4: Sample of the presented case; Lane M: 

DNA marker 
 

 
 

Fig. 3. SANGER chromatogram data 
Arrow indicates the insertion of the C base and the beginning of the frameshift 

 

4. CONCLUSION 
 
The variant could easily have been missed in the 
presented case if the prioritization of sensitivity 
over specificity had not been used. Furthermore, 
the presented case also demonstrates the 
importance of additional methods for 
confirmation of NGS calls that do not meet the 
thresholds. 
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