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ABSTRACT

Background: Next-generation sequencing has been leading the genetic study of human disease for the past 10 
years, generating a huge amount of sequence variant data, which are stored in variant call format (VCF) files. 
The aim of the study was to reassess the utility of VCF files for reanalysis.

Methodology: This is a descriptive observational study of Saudi patients with undiagnosed genetic conditions. 
VCF files from 20 samples were referred to the molecular laboratory by physicians for reanalysis using variant 
interpretation software.

Results: Seven cases (n = 20) have been reported differently from the outside laboratory. This accounts for 
almost 35% of all cases and is mainly due to the ability to gather more information about the patient’s pheno-
type. One whole-genome sequence (WGS) case changed from inconclusive to negative. In addition, we identi-
fied variants related to the patient’s phenotype in six cases; two of them were WGS and four were whole-ex-
ome sequence, all reported as negative before the reanalysis.

Conclusion: Comprehensive phenotyping of individuals is a crucial step in identifying candidate phenotype-re-
lated variants. We outline the benefit obtained from access to the patient’s medical records and communica-
tion with referring physicians.

Keywords: Report, variants, classification, VCF, reassessment, genomic, genetic, counseling, NGS.

Introduction

DNA sequencing technologies are currently being 
developed at an incredible speed to identify genetic variants 
that underlie Mendelian as well as complex disorders. 
While the sequencing technology has shifted to become 
more routine, the analysis and interpretation of the genetic 
variants found by this technology are still challenging 
tasks for clinical laboratories. The variant interpretation of 
a personal genome, which was recently reported to differ 
from a reference human genome by about 3.5 million 
Single nucleotide polymorphisms (SNPs) and 1,000 large 
(>500 bp) Copy number variation (CNVs) (1), depends on 
our skills at associating genotype and phenotype. Previous 
studies have outlined the importance of many factors in 
identifying candidate phenotype-related variants, such 
as phenotyping (2), population allele frequency, and the 
exploration of the medical and scientific literature (3).

The American College of Medical Genetics and 
Genomics (ACMGG) recommendations for variant 
interpretation and reporting in 2000 (4) [further updated 
in 2007 (5), 2013 (6), and 2015 (7)] enhance our ability 
to use genetic data generated by sequencing to diagnose 
genetic diseases. However, despite the availability of 
sequence variation, geneticists and genetic counselors 
still face difficulties with clinical validity in some cases.

Multiple factors that aim to highlight possible causative 
variants have been discussed in the literature. For 
instance, allele frequency databases, especially ethnically 
matched ones, may help to avoid the false negative and/or 
false positive variants that may contribute to the patient 
phenotype (8). A few published articles have investigated 
these factors and their impact on variant classification 
(5). Shearer et al. (9) utilized ethnic-specific differences 
to report pathogenic variants related to non-sensorineural 
hearing loss. They found that 4.2% of the reported 
pathogenic variants were benign (10). In addition, a 
previous study found that 27% of the disease mutations 
reported in the literature lack strong evidence favoring 
variant pathogenicity (11).
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Geneticists and genetic counselors recognize that these 
elements change over time; hence, the classification of 
a novel variant should be reassessed, and its causative 
factors reconsidered. Genomic sequencing is expected to 
impact the role of genetic counselors; gathering clinical 
information will not be restricted to clinical genetic 
counselors and likewise, clinical genetic counselors will 
be expected to perform variant interpretation, clinical 
validation, and possibly other lab-oriented tasks in order 
to deliver genomic counseling (i.e., helping patients 
deal with the implications of genomic sequencing 
information).

Materials and Methods

We retrospectively analyzed 20 variant call format (VCF) 
files that were provided to us by referring physicians 
for further assessment because the whole-genome 
sequence (WGS)/whole-exome sequence (WES) test 
results could not explain the patient’s phenotype. All 
patients consented to and were informed about the next-
generation sequencing (NGS) and the different possible 
results: positive, negative, or inconclusive.

The VarSeq tool from Golden Helix (http://goldenhelix.
com) was used for VCF file analysis and variant 
interpretation. Filters were used to narrow the list 
of candidate variants. All DNA variations were 
assessed through the ClinVar database (12) for clinical 
significance. All pathogenic and likely pathogenic 
variants were investigated to rule out any variant related 
to the study’s cases. Then, all data were filtered using 
a chain of filters that included inheritance, variant type 
and variant effect [such as loss of function (LOF) or 
Missense], and prediction tools. Autosomal recessive 
inheritance and the homozygous state were at the top of 
the filtration chain because of a previous study by Alfares 
et al. (13), which found that up to 84% of positive cases 
from NGS in Saudi Arabia who reported consanguinity 
were homozygous autosomal recessive disease-causing 
variants. The last step before reporting was a genotype–
phenotype correlation using genetic databases.

Once the candidate variants were identified, the 
questionable variants were investigated individually 
in different public genomic interpretation databases. 
They were then compared with an ethnically matched 
proprietary database. The ACMGG and Association 
for Molecular Pathology (AMP) criteria for variant 
assessment were used to classify each variant. In 
this classification, each criterion is weighted as very 
strong (PVS1), strong (PS1–4), moderate (PM1–6), or 
supporting (PP1–5). Note that the numbering does not 
convey any difference in weight (7).

This study was approved by the Institutional Research 
Board of King Abdullah International Medical Research 
Center. The data collection and analysis were conducted 
retrospectively at King Abdulaziz Medical City. Informed 
consent was obtained from all individual participants 
included in the study.

Results

Each case was investigated, and changes were documented 
at both the variant level and report level. The samples  
(n = 20) were divided into 14 WGS cases (70%) and 
6 WES cases (30%) (Figure 1). All WGS cases had a 
previous negative result from an outside lab, except for 
one case in which the previous result indicated a variant 
of uncertain significance. Likewise, all WES cases had 
a previous negative result from an outside lab, except 
for one case in which the previous result indicated two 
variants; one as a variant of uncertain significance and 
one as likely pathogenic (Table 1).

Out of the 20 cases, we reported seven cases differently 
from the outside laboratory reports, which accounts 
for almost 35% of the total sample. Hence, variant 
reassessment results were concordant in 65% of the 
sample. The WGS case with the previous variant of 
uncertain significance report was reported after reanalysis 
as negative. The inconclusive outside lab report was 
regarding a variant that was possibly consistent with a 
genetic diagnosis of Loeys–Dietz syndrome. The patient 
had a heterozygous variant of uncertain significance in 
the TGFBR1 gene (c.1433A > G). However, the Loeys–
Dietz syndrome did not match the patient phenotype 
and the asymptomatic father carried the same variant. 
Therefore, we excluded this variant as causative of the 
patient’s symptoms.

We identified variants that were related to the patient’s 
phenotype in six cases: two of them were WGSs with 
previous negative results and four of them were WESs 
with previous negative results. The ACMGG variant 
classification was reviewed and assigned to all the 
reported variants. For instance, case 3 had two variants of 
uncertain significance in genes associated with a deafness 
phenotype, and the patient has deafness along with other 
features such as developmental delay and swallowing 
difficulty. The first variant was identified in a heterozygous 
state in the USH1C gene, c.1812dupC (p.Ile605fs); this 
variant is associated with Usher syndrome and classified 
as pathogenic variant according to the ACMGG-AMP 
criteria. It is a null variant (frameshift) in a gene where 
the LOF is a known mechanism of disease (PVS1), absent 
from population databases (PM2), and its phenotype 
is highly specific for a single gene disorder (PP4). In 
addition, the second variant was found in the heterozygous 
state in the OTOGL gene, c.3809G > C (p.Arg1270Thr). 
This variant is associated with autosomal recessive 
deafness 84B and matched the criteria for a variant of 
uncertain significance: it was absent from population 
databases (PM2), computational prediction tools found 
that it is possibly damaging (PP3), and the phenotype 
is highly specific for a single gene disorder (PP4). Case 
7 is a case of chronic diarrhea, ascites, arteriovenous 
malformation, and infantile myofibromatosis. In this 
case, we identified a homozygous variant in the LCT 
gene, c.4867-4G > A, which is associated with congenital 
lactase deficiency (OMIM: 223000). Congenital lactase 
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deficiency is an autosomal recessive disease manifested 
with neonatal diarrhea, dehydration, and metabolic 
acidosis. The described variant is classified as a variant of 
uncertain significance: it is a null variant (spliced site) in 
a gene where the LOF is a known mechanism of disease 
(PVS1) and the phenotype is highly specific for a single 
gene disorder (PP4). The second homozygous variant 
addressed in this case is in the PCCA gene, c.802C > T 
(p.Arg268Cys) and is a variant of uncertain significance 
in the gene associated with propionic acidemia (OMIM: 
606054). Our lab and the geneticist excluded the variant 
as a phenotype causation with several normal urine 
organic acid tests. However, we included this variant in 
the reassessment report because it has been described 
previously in the ClinVar database as likely to be 
pathogenic (SCV000343761.2) although our patient is 
asymptomatic (Table 1).

In five out of seven changed reports, this was mainly 
because of the ability to gather more information about 
the patient’s phenotype (Figure 1).

Discussion

Previous studies on the interpretation of genomic variation 
have proposed three elements that cause discrepancies in 
reports: temporal differences, internal laboratory data, and 
differences in allele-frequency cutoffs (2). In our study, we 
reported seven cases differently from the outside laboratory 
reports with a concordant rate (i.e., the degree of agreement) 
of 65%, in contrast to a 79% concordant rate achieved by a 
previous intra-laboratory comparison study (14).

Our study findings match up with previous research and 
studies (2,15) that highlight the importance of clinical 
data for variant classification because nearly 70% of 
the modified reports were identified due to the ability 
to gather additional patient information. The task of 
obtaining and evaluating relevant patient information 
plays a major role in the practice of a genetic counselor, 
despite the ignorance of this role in the literature (16).

We reported eight variants of uncertain significance (all 
with heterozygous status) in our population for which the 

Figure 1. Flow chart showing the distribution of the cases reported by an outside lab and the reassessment process for both the 
variant and report levels.
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outside lab reports were negative. This was expected as 
a result of access to further support clinical information. 
Clearly, investigating the genotype–phenotype relation is 
an important step for any clinician before the patient is 
counseled about a variant of uncertain significance. An 
outside lab reported a likely pathogenic homozygous 
variant in the PCCA gene but we excluded it as phenotype 
causation in this patient because it did not match the 
described phenotype. Similar studies have emphasized 
the availability of clinical data to help the classification 
of pathogenic variants.

A variant of uncertain significance is always a 
changeable entity that can cause a problem from a 
genetic counseling point of view and distress patients 
and their families. However, these variations should be 
addressed in counseling until a classification of benign 
or disease-related (i.e., pathogenic or likely pathogenic) 
status is determined. The risk of variant over-reporting 
for minority populations may be discussed in genomic 
counseling. The Arab population accounts for 423 
million people, yet it is not well represented in large-
scale allele databases like ESP, ExAC, gnomAD, and 
many others. The recently publicly available population-
specific genome for the indigenous Arab population of 
Qatar (QTRG) can help genetic counselors reassure their 
patients regarding detected variants (17). Furthermore, 
ethnically matched genetic databases, if available, can 
help classify the pathogenicity of observed variants.

In our study, an outside lab pointed out a possible 
causative variant (c.1433A > G) in the TGFBR1 gene 
in one case, but a reassessment excluded this variant 
because the unaffected father carried the same variant. 
Lack of co-segregation for autosomal dominant 
disorders, and identifying the variant in affected and 
non-affected individuals, decreases the likelihood that a 
variant is pathogenic. In a study that compared variant 
interpretation between labs (18), segregation analysis 
was identified as the most commonly modified line of 
evidence. Moreover, other studies have changed variant 
classification based on co-segregation (10,19). Genetic 
segregation accompanied by the detailed phenotype 
information of all family members may be necessary to 
reach a diagnosis. It is not simply an issue of affected 
versus unaffected family members but every bit of 
clinical information is critical, especially in cases of 
complex disorders and/or adult-onset disorders.

The decision to clinically reassess post-laboratory 
VCF files was made because a geneticist felt the need 
to reassess these files, especially given our ability to 
gather more relevant information and the availability of a 
proprietary genetic variant database. Reassessing variants 
is important, especially as we accumulate additional 
knowledge about them. This research highlights the 
need for reassessment and the multiple factors that may 
affect variant analysis to ensure proper communication 
during genomic counseling. Moreover, we determined 
factors that have more impact on variant pathogenicity 
assessment in under-represented racial populations. 

There are some unavoidable limitations in this study. For 
instance, the study was conducted on a small number of 
cases that were referred for reassessment by a clinician. 
In addition, the limited access to raw data (e.g., fastq 
and BAM files) constrained our ability to reassess 
possible phenotype-related variants, and the results 
rely on the testing laboratory bioinformatics pipelines 
alone. However, this study achieved its aim, which is 
to demonstrate that revisiting variants that have been 
reported by an outside lab can be beneficial and may 
result in better reporting. The discrepancies found in 
the results clarify the role of genetic counselors, as most 
genetic clinics send out their tests.

In the era of genomics, genetic counseling has become 
genomic counseling, and genetic counselors are 
required to correlate genetic variants with the patient’s 
phenotype and clinical data. In genomic counseling, 
the nontraditional role of lab genetic counselor meshes 
with the traditional clinical role. Variant identification 
and interpretation expertise of a genetic counselor may 
be utilized, especially in a scenario that includes non-
geneticist physicians, in which the genetic counselors 
are the primary experts. The greatest area of need is to 
develop a strategy for when to revisit genetic data and 
which data should be revisited. We hope that this study 
and similar studies will substantially contribute to variant 
interpretation guidelines and recommendations to ensure 
best patient care services. We emphasize in this study 
the benefits of effective communication between testing 
labs and the geneticist and/or genetic counselor to ensure 
proper variant classification and therefore deliver proper 
genomic counseling.

Conclusion

The findings of this study highlight the importance 
of detailed patient clinical data and clearly call for 
a discussion of the time and approach needed for 
reassessing VCF files.
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