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Abstract
As test costs decline, whole-exome sequencing (WES) has become increasingly used for clinical diagnosis, and now
represents the primary alternative to gene panel testing for patients with a suspected genetic disorder. We sought to compare
the diagnostic yield of singleton-WES with simulated application of commercial gene panels in children suspected of having
a genetically heterogeneous condition. Recruitment, singleton-WES and phenotype-driven variant analysis was completed
for 145 paediatric patients. At recruitment, clinicians were required to propose commercial gene panel tests as an alternative
to WES and nominate a phenotype-driven candidate gene list. In WES-diagnosed children, three commercial options for
each proposed panel were identified and evaluated for hypothetical diagnostic yield assuming 100% analytical sensitivity
and specificity. We compared the price of WES with the least costly panel in WES-diagnosed children. In WES-undiagnosed
children, we evaluated the exonic coverage of their phenotype-driven gene list using aggregate data. WES diagnoses were
made in genes not included in at least one-of-three commercial panels in 42% of cases. Had a panel been selected instead,
23% of WES-diagnosed children would not have been diagnosed. In 26% of cases, the least costly panel option would have
been more expensive than WES. Evaluation of WES coverage found that at the most stringent level of 20× coverage, the
likelihood of missing a clinically relevant variant in a candidate gene list was maximally 8%. The broader coverage of WES
makes it a superior alternative to gene panel testing at similar financial cost for children with suspected complex monogenic
phenotypes.

Introduction

The current options for diagnostic testing of individuals
suspected of having a monogenic condition include the
targeted approaches of single-gene sequencing and gene
panel testing or broader approaches, such as whole-exome
sequencing (WES) and whole-genome sequencing (WGS)
[1, 2]. Multiplex ligation-dependent probe amplification
(MLPA) or array based technologies are often used to
supplement these techniques for the detection of copy
number variants (CNVs). Currently, targeted panels and
WES are more widely used than WGS in the clinical setting
due to lower cost and more manageable data volumes [1].

Clinical utility has been demonstrated for WES and
panels in the diagnosis of a range of genetically hetero-
geneous phenotypes [3–12]. Gene panels, which target
predetermined gene-sets associated with a specific disease
or condition [1], have shown diagnostic efficacy for
genetically heterogeneous presentations, such as epilepsy
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[10], retinal dystrophy [13] and inherited cardiomyopathies
[12]. WES has demonstrated diagnostic yields from 25 to
58% in phenotypically diverse populations with suspected
monogenic conditions [3, 5–8, 14, 15].

Each next-generation sequencing (NGS) technology has
distinct advantages and disadvantages. Gene panels,
through their targeted nature, produce a lower volume of
data and minimise the chance of secondary findings when
compared to WES [1, 10, 16]. Panels are also commonly
assumed to cost less than WES, but this is not true in all
cases. Panels require regular re-design to incorporate new
gene discoveries, and their data has limited use in future re-
analysis of undiagnosed cases. WES offers the advantage of
a less restricted approach, enabling the identification of
variants at loci not considered at point of ordering and
providing data for genes not yet associated with human
disease, which can be re-analysed and yield diagnoses not
identified at the time of initial assessment [17, 18]. Lim-
itations of WES include the bioinformatic challenge of
interpreting a large volume of data (1–2 orders of magni-
tude more than most gene panels) with a higher chance of
identifying variants of unknown significance (VUS) and
incidental findings [6, 19]. While WES offers greater
breadth of coverage, it comes with some compromise in
depth compared to panels [20, 21]. WES and panels are
both limited in their capacity to detect certain lesions, such
as low-level heteroplasmic mitochondrial genomic variants,
CNVs and repetitive variations, all of which are potentially
within reach of WGS. Providers of WES and targeted

panels may utilise additional sequencing techniques to
‘boost’ the number of reads in genomic regions known for
reduced coverage, minimising false negative results [1].

Despite their differences, both gene panel testing and
WES represent suitable testing options for many patients
with suspected monogenic conditions. Direct comparisons
of the diagnostic performance or costs of WES with gene
panel testing are limited. The current recommendations for
targeted NGS are largely based on expert opinion rather
than evidence [1, 2]. A key assumption underpinning these
recommendations is that the superior coverage of panels
will result in a higher diagnosis rate for well-defined phe-
notypes. A prospective study comparing the diagnostic
yield and costs of WES over a targeted NGS panel done in
parallel would be a costly undertaking in a clinical setting,
and the variable gene content of different commercial
panels complicates such a study. Lionel et al. [22] compared
WGS with targeted panels done in paediatric subspecialty
clinics and found diagnostic superiority of WGS. We took a
novel alternative approach by simulating the application of
three commercially available panels to each WES-
diagnosed individual in a cohort of children with sus-
pected monogenic disorders [14, 15] to determine the
hypothetical diagnostic yield of panel testing. We sought to
determine the quality of our WES data in undiagnosed
individuals by assessing the depth of coverage at potentially
pathogenic loci in their proposed candidate gene list.
Finally, we compared the price of proposed panels with
WES from our local provider.

Fig. 1 Overview of study methodology and results of simulated panel
analysis in WES-diagnosed children who had a viable alternative panel
test option proposed. The proposed panels from three commercial
providers were assessed in a simulated analysis of those who received
a diagnosis by WES (n= 78). In the 57/78 (73%) WES-diagnosed
children who had a panel proposed, 13/57 (23%) would have gone
undiagnosed by any of the three panels proposed; 11/57 (19.3%)

would have gone undiagnosed by at least one of the proposed com-
mercial panels; and 33/57 (57.9%) would have been diagnosed by any
of the three proposed panels. A panel was deemed to be diagnostic if it
covered the WES-identified gene. The diagnostic yield of panel testing
in the WES-undiagnosed group (n= 67) is unknown, but we sought to
determine the analytical validity of WES by in silico assessment of
coverage of individual phenotype-driven candidate gene lists (Fig. 2)
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Table 1 Descriptive statistics of total cohort (n= 145) categorised by WES-diagnosed children and WES-undiagnosed children

All (n=
145)

Diagnosed (n=
78)

Undiagnosed (n=
67)

p-value

Age at time of consent (months)

0–12 months 67 (46%) 38 (49%) 29 (43%) 0.656

12–24 months 28 (19%) 13 (16%) 15 (22%)

>24 months 50 (35%) 27 (35%) 23 (34%)

Gender

Male 82 (57%) 40 (51%) 42 (63%) 0.167

Female 63 (43%) 38 (49%) 25 (37%)

Consanguineous parents

Yes 23 (16%) 13 (17%) 10 (15%) 0.933

No 110 (76%) 59 (76%) 51 (76%)

Undisclosed 12 (8%) 6 (8%) 6 (9%)

Deceased

Yes 14 (10%) 10 (13%) 4 (6%) 0.164

No 131 (90%) 68 (87%) 63 (94%)

Intellectual disability

Yes 62 (42.8%) 34 (43.6%) 28 (41.8%) 0.827

No 83 (57.2%) 44 (56.4%) 39 (51.2%)

Primary phenotype

Dermatological 4 (3%) 2 (3%) 2 (3%)

Dysmorphic with congenital
abnormalities

65 (45%) 33 (42%) 32 (48%)

Neurometabolic 43 (30%) 27 (35%) 16 (24%)

Skeletal dysplasia 13 (9%) 8 (10%) 5 (7%)

Ophthalmological 4 (3%) 2 (3%) 2 (3%)

Other 16 (11%) 6 (8%) 10 (15%)

WES indication

Unclear diagnosis 67 (46%) 22 (28%) 45 (67%) <0.00001

Genetically heterogeneous condition 70 (48%) 51 (65%) 19 (28%)

Dual diagnosis 4 (3%) 2 (3%) 2 (3%)

Likely variant in recently published
gene(s) without commercially available
test

4 (3%) 3 (4%) 1 (1%)

Number of candidate genes (median with
1st, 3rd quartiles)

13.5 (7, 20.75) 21 (11.5, 36.5) p= 0.0048

0–10 49 (34%) 33 (42%) 16 (24%)

11–20 41 (28%) 25 (33%) 16 (24%)

21–30 23 (16%) 10 (13%) 13 (19%)

31–40 10 (7%) 1 (1%) 9 (13%)

41–50 4 (3%) 2 (3%) 2 (3%)

>50 18 (12%) 7 (9%) 11 (16%)

Was there a viable panel alternative

Yes 86 (59%) 57 (73%) 29 (43%) 0.000272

No 59 (41%) 21 (27%) 38 (57%)

All percentages are expressed in relation to the number of individuals in each column (n). Statistically significant differences were identified
between diagnostic rates in those with a clinically suspected genetically heterogeneous condition compared to those with an unknown diagnosis.
Those with fewer candidate genes were more likely to be WES-diagnosed, likely reflecting greater clinical certainty in their diagnosis.

WES whole-exome sequencing, SD standard deviation
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Subjects and methods

Study participants

We undertook a retrospective simulation study of panel
testing in 145 children who had undergone WES for diag-
nostic purposes as part of the Melbourne Genomics Health
Alliance Childhood Syndromes Flagship [23]. Recruitment
and sequencing are as previously described [14, 15]. In
brief, participants suspected of having a genetically het-
erogeneous condition or features overlapping several con-
ditions underwent WES with variants prioritised based on a
phenotype-driven gene list. Phenotypes were recorded in
PhenoTips [24] using standardised Human Phenotype
Ontology (HPO) terms [24]. Only variants in genes known
to cause human disease (the ‘Mendeliome’) were analysed.
Variant classification was as recommended by the American
College of Medical Genetics and Genomics standards [25].

Study procedures

Design

Simulated analysis of panel diagnostic yield In addition to
demographic data, phenotype and candidate disease gene
list, at enrolment each participant’s clinician recorded
alternative testing options should WES be unavailable
(Fig. 1). Suggestions could either be specific (e.g., Provider
X’s osteopetrosis panel) or general (e.g., “mitochondrial
diseases panel”). We then selected three real-world com-
mercial examples for the panel proposed for each diagnosed
child. The selection was undertaken without knowledge of
the causative gene, only the clinically suspected diagnosis at
recruitment. We selected three commercial options to
account for the variation that exists between panels target-
ing the same phenotype from different providers . Com-
mercial providers of gene panels were identified through
internet searches and the National Center for Biotechnology
Information’s Genetic Testing Registry [26]. Commercial
provider websites were accessed between April and June
2016 to obtain gene coverage and pricing of each panel. To
be selected, each proposed panel was required to suffi-
ciently cover the differential diagnoses provided at recruit-
ment. If there were more than three commercial options
available for each proposed panel, clinicians were asked to
identify the option they would most likely order, con-
sidering each test’s gene list, cost, and previous provider
experience. In two cases, clinicians could only identify two
options for the proposed test, and these children were
included in the analysis. For some children clinicians were
unable to identify any suitable alternatives to WES because
of the broad differential diagnosis list or panels could not be
found containing all candidate genes. The commercial panel

options for each WES-diagnosed case were analysed to
determine whether the causative gene would have been
identified. We took the conservative approach and assumed
that the analytical sensitivity and specificity of all panels
were 100%. If the panel listed the case’s causative gene
(identified by WES) as a target, it was considered
‘diagnostic’.

Price comparison analysis We compared the price of WES
against the proposed panels in each WES-diagnosed child.
We identified the price of the least expensive diagnostic
panel for each child who received a diagnosis and compared
this to the price of WES from our local provider to deter-
mine the number of children in whom the least costly panel
cost was greater than that of WES. All foreign currencies
were converted to Australian Dollars (AUD) based on the
exchange rate at the date of the child’s enrolment. Historical
currency exchange data were obtained from the Reserve
Bank of Australia [27].

Simulated analysis of WES analytical validity We sought to
assess the analytical validity of WES in the undiagnosed
children by examining the exonic coverage using aggregate
data from a cohort of >100 of our WES data sets. Aggregate
data were used to remove confounding factors resulting
from variability of quality in individual data. The per-base
mean-minus-standard-deviation read coverage (adjusted
coverage) was ascertained for each gene within every
undiagnosed child’s candidate gene list. Human mutation
databases (ClinVar and Human Gene Mutation Database)
were then used to identify which of these loci were clini-
cally relevant; i.e., had any previous attribution of patho-
genicity [28, 29]. From these data, we calculated the
fraction of clinically relevant loci in each child’s candidate
list which fell below 20×, 10× and 5× adjusted coverage.
A threshold of 20× was chosen as it reflects international
NGS coverage standards and has been reported to show
99% sensitivity for single-nucleotide variants (SNV) [30–
32]. A threshold of 10× coverage was also studied as it was
set as the lower limit for variant curation in our study.

Statistical methods

Descriptive statistics was used to outline the study popula-
tion, reported as mean± standard deviation for normally
distributed numerical variables, median+ first and third
quantiles for skewed numerical values and percentage/fre-
quency for categorical variables. Studies of statistical sig-
nificance were performed by χ2-test for categorical
relationships, t-test for normally distributed numerical vari-
ables and Mann–Whitney U-test for skewed numerical data.
Statistical significance was denoted as p< 0.05. STATA
v14.0 (College Station, USA) was used for analyses [33].
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Ethics approval

Ethics approval for this study was provided by a Human
Research Ethics Committee (13/MH/326). All parents or
guardians of each participant gave informed, written con-
sent for WES after appropriate genetic counselling.

Results

Sample characteristics

The demographics, clinical characteristics and indications
for WES in the children suspected of a monogenic disorder
are published separately but summarised in Table 1 and
Supplementary Table 1 [14, 15]. All children had features
of a genetically heterogeneous condition or features over-
lapping several genetic conditions. Intellectual disability or
developmental delay was a feature in 62/145 (42.8%)
individuals. Children had a median of 15 candidate genes
prioritised for analysis in WES data (range: 1–179).

Diagnostic yield of WES

Of the cohort of 145 children, 78 (54%) received a diagnosis
by WES. Clinicians included the causative gene in their
candidate list for 58/78 (74%) of WES-diagnosed children.

There was no statistical difference in the distribution of
age, gender or phenotype categories between the WES-
diagnosed and undiagnosed groups. Children with a clinical
diagnosis of a genetically heterogeneous condition were
more likely to be diagnosed compared to those with an
unknown a priori diagnosis (p< 0.00001). The median
number of candidate genes was significantly higher in the
undiagnosed group compared to the diagnosed (21 versus
13.5 respectively; p= 0.0048).

Fifty-nine of the 145 children in this cohort had no panel
testing option proposed because the differential diagnosis
list was too broad. Analysing these 59 individuals further,
the proportion with no panel alternative to WES was higher
in those who were undiagnosed 38/67 (57%) versus those
who were diagnosed 21/78 (27%) (p< 0.001). The diag-
nostic rate of WES for children where no option for panel
testing could be identified was 21/59 (36%).

Diagnostic yield of simulated panel testing

When we simulated the application of three commercial
panels to each of the WES-diagnosed children in whom
alternative testing options were proposed, we found that 13/
57 (22.8%) would not have been diagnosed had any of their
panel options been chosen over WES. For 11/57 children
(19.3%), one or two of the three options would have missed

the diagnosis. For the remaining 33/57 (57.9%) children in
whom a panel was proposed as an alternative, all options
would have been diagnostic. Commercial panel providers
are listed in Supplementary Table 2.

Price comparison

In 15/57 (26%) WES-diagnosed children for whom a panel
would also have been diagnostic, the least costly diagnostic
panel had a higher price than the price of WES in our study
(AUD$2,000).

Analytical performance of exome sequencing

Sixty-seven children remained undiagnosed following WES
and it is unknown what the yield of panel testing would have
been in this group. Clinicians proposed a panel alternative in
29/67 (43.3%) of these undiagnosed children. We used in-
house aggregate coverage data to evaluate the analytical
validity of WES for the individual candidate gene list of each
undiagnosed child (Fig. 2). Each candidate gene list was
evaluated to determine the fraction of potentially pathogenic
loci falling below the coverage thresholds of 20×, 10× and
5×. In all WES-undiagnosed children, <4% of potentially
pathogenic loci in their gene list fell below the threshold of
10× coverage (representing the lower coverage limit for

Fig. 2 Fraction of clinically relevant loci in WES-undiagnosed chil-
dren’s candidate gene lists falling below three thresholds of coverage
quality. At least 92% of potentially pathogenic (clinically relevant) loci
in all undiagnosed children’s gene lists were covered by 20 reads or
more. At least 96% of potentially pathogenic loci were in regions with
>10× coverage. Each bar represents an individual child’s gene list.
Note that in the first nine WES-undiagnosed children, 100% of
potentially pathogenic loci in their candidate gene list were covered
(hence no bar). The variability in the fractions falling below the three
quality thresholds is reflective of the different genic content of indi-
vidual gene lists. Potentially pathogenic loci are defined as those with
any entry with attributed pathogenicity in HGMD or ClinVar at the
time of analysis [28, 29]. A threshold of 10× represents the lower limit
of variant curation for our study, 20× represents a commonly cited
threshold at which 99% of single-nucleotide variants (SNVs) are
detected [30–32]
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variant curation in this study); in 93% of these children, this
fraction was <2%. The quality cutoff of 20× coverage has
previously been cited as a recommended minimum depth for
analysis [30–32]. Less than 8% of potentially pathogenic loci
fell below 20× coverage in the gene lists of the undiagnosed
individuals; for all children, the fraction of potentially
pathogenic loci falling below 20× was <5%.

Discussion

WES and gene panels are emerging as essential tools for the
investigation of individuals with undiagnosed and hetero-
geneous monogenic conditions, with both seeing widespread
uptake in the clinical setting. However, evidence to guide the
most effective use of these testing alternatives is required.
The clinician’s choice of WES or panel testing for a patient
requires consideration of the a priori clinical hypothesis,
cost, methodology and gene coverage. We sought to simu-
late how well panel testing might have performed against
WES in children with genetically heterogeneous conditions
or features overlapping multiple conditions.

Our primary aim was to determine the proportion of
WES-diagnosed children whose causative gene would have
been covered by gene panels proposed at recruitment as
alternative testing options. We identified three commercial
options for the panels proposed for each WES-diagnosed
child. Although the causative gene was included in all
commercial panel options for 33/57 (57.9%) of WES-
diagnosed children, at least one of the panels would have
missed the diagnosis in 24/57 (42.1%). Indeed, when we
consider that 21/78 of the WES-diagnosed group did not
have a viable panel alternative proposed, only 33/78
(42.3%) of all WES-diagnosed children would have been
confidently diagnosed by gene panel. This finding high-
lights the limitation of using a panel with its restricted gene
list in clinically complex phenotypes, and in detection of
atypical presentations of known monogenic conditions.

While panel testing may be a better option for testing in
patients with well-defined phenotypes for which the genetic
aetiology is well described [34], this may not apply to
children with features overlapping multiple conditions or
less differentiated phenotypes. Our finding that none of the
three simulated commercial panels covered the causative
gene for nearly 1 in 4 WES-diagnosed children suggests that
panels miss diagnoses in patients with suspected Mendelian
disorders which are detectable by WES [6, 16, 34, 35], and
underscores the utility of WES when the a priori clinical
hypothesis is imprecise. One possible explanation for this
finding could be poor clinical acumen of clinicians at point
of panel-choice; however, the fact that the phenotype-driven
gene lists defined at enrolment by the same clinicians con-
tained the causative gene for 74% of the WES-diagnosed

group argues against this notion. If testing was initiated by
non-geneticist sub-specialists, a narrower differential diag-
nosis may result because of a focus on genes familiar to that
specialist. This might lower the diagnostic yield of panel
testing or result in consecutive gene panels being ordered,
which is inefficient and costly. New gene discoveries for
different phenotypes, as well as the expansion of traditional
phenotypes associated with mutations in a given gene are
likely to be contributing factors to our finding that panels
may have missed diagnoses.

A second aim was to examine the consistency of gene
content in commercially available panels and evaluate its
impact on diagnosis. In 19.3% of WES-diagnosed children,
we found that one or two of the three commercial panels
proposed as an alternative to WES would have missed the
diagnosis. This finding highlights the variability of gene
content between different panels targeting similar pheno-
types. The variation in gene panels complicates selection at
point of ordering and may result in a missed diagnosis
because the causative gene was not covered by the chosen
panel. This was a frequent finding in a study that demon-
strated a higher diagnostic rate of whole-genome sequen-
cing (41%) compared to panels (24%) and conventional
testing in a cohort of children with well characterised het-
erogeneous rare disease phenotypes [22]. Our finding
underscores the challenge faced by clinicians in the selec-
tion of a panel most appropriate for their patient, and con-
firms that panel use should be limited to patients with a
narrow differential diagnosis.

Several studies of patient populations with single-system
or clearly defined phenotypes show that the use of a targeted
panel in such populations is superior to WES due to
increased depth and coverage of target genes [9, 16, 20, 36,
37]. Our findings do not refute this notion; in sub-group
analysis WES was at its most potent in patients with an
unknown a priori diagnosis. While these data may be less
applicable to an adult patient population with single-system
disease, our study reflects the ‘real-world’ paediatric clinical
setting in the selection of test options for a heterogeneous
population based on clinician judgement with a range of
presentations. Our findings support the selection of WES
over a panel when faced with the diagnostic challenge of a
child having an undifferentiated or complex phenotype.

For many clinicians, test cost is a key determinant of test
selection. In the Australian context, in 26% of cases, the least
costly panel option would still have been more expensive
than WES. This refutes the frequently held assumption that
WES is a more expensive test option than panels. Further-
more, the sequential ordering of multiple panels in a child
with a complex phenotype is costly and inefficient.

While singleton WES was successful for many children,
a substantial proportion of our cohort (67/145 (46%))
remains undiagnosed. The potential reasons for this are
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varied, including non-detection of small CNVs below the
resolution of a standard microarray, deep intronic variants
not captured by WES, and causative variants in genes not
yet associated with human disease. Data re-analysis with
updated Mendeliome and improved bioinformatics [17] or
adding parental sequencing as a trio [38, 39] might yield
additional diagnoses.

A limitation of our study relates to the patients who did
not receive a diagnosis by WES. We cannot be certain of
the proportion of these undiagnosed children in whom panel
testing would have made a diagnosis. Limitations of NGS
sequencing are known to result in false-negatives; some
studies have suggested that WES sequencing coverage is
poorer than that of gene panel [40], and others have pro-
posed WGS to capture deep intronic variants or small copy
number changes not detectable by WES [22]. Many com-
mercial providers supplement panel analysis with MLPA
and array technologies for detection of CNVs, and ‘boosted’
Sanger sequencing for low coverage regions, but these incur
additional expense and their diagnostic value is unknown. It
is possible that had we actually proceeded with each pro-
posed panel with supplemented analysis, the diagnostic
yield may have been higher due to diagnoses in children
who were not diagnosed by WES.

We sought to address the limitation of our approach by
evaluating the coverage performance of WES, aiming to
determine the likelihood that WES missed clinically
relevant variants in the candidate gene lists of our undiag-
nosed group (n= 67). Our analysis showed that at the
most stringent level of 20× coverage, the likelihood of
missing a known clinically relevant variant in a patient’s
candidate gene list was maximally 8%. This finding is sup-
ported by a recent study where WES was shown to ade-
quately cover 98.6% of pathogenic variants when compared
in silico with data from targeted NGS panels and validated
against records from ExAC [41]. Together, these data suggest
that the minor differences between panel and WES coverage
performance have minimal impact on diagnosis rates.

The retrospective nature of our simulated evaluation may
have over-estimated the hypothetical yield of the targeted
panels. While all the panel suggestions in our study were
recorded at recruitment, our analysis was not performed
until all WES results had been confirmed in 2016. Conse-
quently, the panel gene lists we considered were from 2016
rather than at the time of recruitment in 2014–2015. The
gene lists of most of the panels would likely have been
updated with new disease genes in the period between
recruitment and analysis, potentially leading to some over-
estimation of the diagnostic yield. This further serves to
highlight that one of the advantages of WES is the enduring
relevance of its data, which can be periodically re-analysed,
which has been reported to add a further 10% to diagnostic
yield [17]. This is in contrast to panels which require re-

design to incorporate newly discovered genes, with further
costs incurred with repeat testing.

The data from our study provides practical insights into
the application of targeted NGS diagnostics and from a cost
and diagnosis viewpoint supports the use of WES in pae-
diatric patients, particularly those with multi-system phe-
notypes and no clinical diagnosis. In our cohort, had a
panel been selected instead, 1 in 4 of WES-diagnosed chil-
dren would have been undiagnosed. Panels have an estab-
lished clinical role in the investigation of a strong clinical
diagnosis with well-defined aetiology (e.g., inherited cardi-
omyopathies and retinal dystrophy), however our study
demonstrates superior diagnostic performance of WES in a
paediatric setting with heterogeneous or poorly defined
phenotypes. With further improvement in WES mapping
and capture techniques, we expect the costs and difference in
analytical quality between WES and panels to decrease. In
children with suspected monogenic conditions, we recom-
mend the use of WES with phenotype-driven gene lists
acting as a ‘virtual panel’, with the option of expanding
analysis to include the Mendeliome as the most effective
diagnostic tool, offering the advantage of being able to
analyse genes beyond the a priori hypothesis, and then re-
analyse as new genes are discovered in the future.
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