
ARTICLE

The role of phenotype-based search approaches using public
online databases in diagnostics of Mendelian disorders
Avi Fellner 1,2✉, Noa Ruhrman-Shahar1,3, Naama Orenstein3,4, Gabriel Lidzbarsky1, Alan R. Shuldiner5, Claudia Gonzaga-Jauregui5,
Hadar Brown-Shalev1, Ofir Hagari-Bechar1, Lily Bazak1 and Lina Basel-Salmon1,3,6

PURPOSE: To investigate the effectiveness of phenotype-based search approaches using publicly available online databases.
METHODS: We included consecutively solved cases from our exome database. For each case, the combination of Human
Phenotype Ontology terms reported by the referring clinician was used to perform a search in three commonly used databases:
OMIM (first 300 results), Phenolyzer (first 300 results), and Mendelian (all 100 results).
RESULTS: One hundred cases were included (43 females; mean age: 10 years). The actual molecular diagnosis identified through
exome sequencing was not included in the search results of any of the queried databases in 33% of cases. In 85% of cases it was
not found within the top five search results. When included, its median rank was 61 (range: 1–295), 21 (1–270), and 29 (1–92) in
OMIM, Phenolyzer and Mendelian, respectively.
CONCLUSION: This study demonstrates that, in most cases, phenotype-based search approaches using public online databases is
ineffective in providing a probable diagnosis for Mendelian conditions. Genotype-first approach through molecular-guided
diagnostics with backward phenotyping may be a more appropriate approach for these disorders, unless a specific diagnosis is
considered a priori based on highly unique phenotypic features or a specific facial gestalt.
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INTRODUCTION
The traditional diagnostic approach in medical genetics utilizes
the observation and cataloging of the combination of phenotypic
features in a patient to search for a probable genetic diagnosis.
Nevertheless, the growing number of gene–disease associations
as well as overlapping clinical features of different genetic
disorders complicate the differential diagnosis, especially in
clinically and genetically heterogeneous disorders. Variable
expression and pleiotropic phenotypic effects further add to this
complexity.1 Moreover, different clinical features may have varying
degrees of specificity, and some of them may even be unrelated
to the patient’s primary disease.2 These factors may result in a
time-consuming, cumbersome search for a probable genetic
diagnosis. Phenotype-based search tools have been developed to
integrate available heterogeneous phenotypic data and aid in this
complex diagnostic process. These are used routinely by medical
geneticists. Nevertheless, the effectiveness and expected yield of
phenotype-based search tools in the diagnostics of Mendelian
disorders is not clear. The need to investigate their effectiveness is
further emphasized as next-generation sequencing–based testing
becomes more available and genomic sequencing is performed
more routinely in clinical care, further revealing the complexity of
gene–disease associations. In this study, we investigated the
diagnostic yield of the phenotype-based search approach using
publicly available online databases.

MATERIALS AND METHODS
We retrospectively included consecutive probands examined at the
Recanati Genetic Institute in the Rabin Medical Center, for whom exome
sequencing and analysis yielded a molecular diagnosis during the period

between November 2017 and August 2019. Both clinical and research
exome cases were included. Fetal exome sequencing cases were not
included. Exome sequence analysis is described in the Supplementary
data. For each case, the combination of Human Phenotype Ontology (HPO)
terms reported by the referring medical geneticist was used to perform a
search in three commonly used online databases for a probable genetic
diagnosis: OMIM (https://www.omim.org/)3, Phenolyzer (http://phenolyzer.
wglab.org/),4 and Mendelian (http://www.mendelian.co/). We examined
whether the actual molecular diagnosis (AMD) identified through exome
sequencing analyses was included in the first 300 search results in OMIM
and in Phenolyzer, and in all 100 search results in the Mendelian database.

RESULTS
We included 100 probands (57 males, 43 females; 67 clinical
exomes, 33 research exomes). The mean age of the patients
included was 10 years (median age: 5 years and 7 months; range:
1 month–47 years). Most cases (95/100) were trios of a proband
and two parents, either with or without additional siblings. The
most common main indication for exome sequencing was
cognitive abnormalities, intellectual disability or developmental
delay with or without additional neurological abnormalities, or
multiple congenital anomalies. The characteristics of the patients
included are summarized in Table 1.
As previously described, we performed search queries for each

of the cases in three different public databases, using HPO terms
reported by the referring medical geneticist. The search results did
not include the AMD in any of the three databases (OMIM,
Phenolyzer, and Mendelian) in 33.0% of cases. The AMD was
included in the search results in one, two, or all three databases in
30.0%, 20.0%, and 17.0% of cases, respectively. The proportion of
cases for which the AMD was included in at least one of the three
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databases did not differ markedly between the subgroup of
patients with the most common main indication for exome
sequencing (45/71, 63.0%) and those with other main indications
(22/29, 76.0%) (Table 2).
Analysis of the search results demonstrated a low search yield

in all three databases (Table 3), as the AMD was included in the
search results in only 58.0%, 28.0%, and 35.0% of cases in OMIM,
Phenolyzer, and Mendelian, respectively. In cases in which the
AMD was included in the search results, its median rank in the
results list was 61 in OMIM (range: 1–295), 21 in Phenolyzer
(1–270), and 29 in Mendelian (1–92). It was ranked first in the
results list in only 3/100 cases in OMIM, and in a single case in
both Phenolyzer and Mendelian. Moreover, it was included in
the top five search results in only 9.0%, 6.0%, 7.0%, and 15.0%,
and in the first ten search results in 10.0%, 10.0%, 9.0%, and
21.0% of cases, in OMIM, Phenolyzer, Mendelian, and any of
the three databases, respectively, further demonstrating the
low search yield in all these databases. Using the clinical

synopsis filter in OMIM did not change these results significantly
(Table 3).
We searched for potential disorder-related factors that may

have contributed to the low search yield. To this end, we further
investigated the 79 cases for which the AMD was not included in
the first ten search results in any of the three databases. We
identified four potential disorder-related factors that may have
affected the results and divided these 79 cases according to the
factor that we assumed contributed the most to the low search
yield in each case, as shown in Fig. 1. Not surprisingly, the low
search yield was most commonly attributed to clinical overlap
among different disorders (49/79, 62.0%). Another factor that may
have affected the results in a subset of cases (12/79, 15.0%) was
blended phenotype, that is, cases in which either not all of the
phenotypic features reported by the clinician could be attributed
to the AMD (11/12 cases) or where exome sequencing revealed
two AMDs, each of which explained part of the clinical phenotype
(a proven double molecular diagnosis; 1/12 cases). Additional
factors identified were mild or partial manifestation of a known
syndrome in 10/79 cases (13.0%) and a new gene–disease
association or a very rare disease (<4 unrelated cases reported
in the literature) in 8/79 cases (10.0%).

DISCUSSION
Phenotypic matching between a patient’s clinical presentation
and disorders reported in the literature has motivated the study of
phenotypic similarity-based algorithms in the field of genetic
diagnostics,5–9 and constitutes a major subject of algorithmic
development for the improvement of the diagnostic process of
Mendelian disorders. In this study, we investigated the diagnostic
yield of phenotype-based search in publicly available online
databases. We found a low search yield, indicating that this search
strategy is ineffective in the diagnostics of Mendelian disorders.
We propose several potential explanations for this extremely low
yield, which include factors related to the disorders, the clinical
evaluation, or the databases used.

Disorder-related limitations in phenotype-based search
As demonstrated in this study, disorder-related factors that may
affect the phenotype-based search results include clinical over-
lap shared by different syndromes, mild or partial manifestation
of a known syndrome, instances of a new or very rare disorder, as
well as investigation of blended phenotypes. Overlapping
phenotypes is a well-recognized limitation in the investigation
of gene–disease association.10,11 Search tools may assign a
higher weight to unique clinical features than to common ones.
Yet, phenotypic overlap still remains an important aspect to
consider and it is not surprising that clinical overlap among
different disorders was the disorder-related factor to which low
search yield was most commonly attributed in our study. Lack of
specificity of clinical features for clinically and genetically
heterogeneous disorders can also affect phenotype search
approaches for diagnosis, as certain phenotypic terms such as
“developmental delay,” “intellectual disability,” “hypotonia,” and
many others can be associated with a multitude of genetic
disorders.
Mild or partial manifestation of a known syndrome may stem

from variable expression of the disease. In light of the growing
understanding of nonlinearity of genotype–phenotype associa-
tions, it became apparent that individuals with the same genetic
disorder or even the same pathogenic variant may manifest a
wide spectrum of disease severity.12 With the increased availability
and application of clinical genomic sequencing, it is expected that
more individuals will be diagnosed with mild or partial
manifestations of known syndromes. It is also possible that in
cases in which exome sequencing was performed early on during

Table 1. Characteristics of 100 probands included.

Characteristic Number of probands
(total: 100 probands)

Sex

Male 57

Female 43

Consanguinity

Yes 19

No 81

Age

>18 years 15

<18 years 85

Main indication for testing

Cognitive abnormalities, intellectual
disability or developmental delay
with or without neurological
abnormalities, or multiple congenital
anomalies

71

Neuromuscular abnormalities with
normal cognition

7

Renal abnormalities 5

Skeletal abnormalities 5

Gastrointestinal abnormalities 2

Ophthalmological abnormalities 2

Othera 8

Tested individuals in each case

Proband and both parents 81

Proband, both parents, and additional
sibling(s)

14

Proband, mother, and additional
sibling(s)

3

Proband and mother 1

Single 1

aOther included one case of each of the following: immunological
abnormalities; microcephaly, dysmorphism, and hearing impairment; sus-
pected ectodermal dysplasia; syndactyly, camptodactyly, and hypospadias;
neonatal seizures; amelogenesis imperfecta; short stature, brachydactyly, and
pectus excavatum; short neck and primary amenorrhea.
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infancy or early childhood, age-dependent penetrance of some of
the known disease manifestations may result in a reported set of
HPO terms apparently representing a milder or partial manifesta-
tion of the AMD, impeding its inclusion in the phenotype-based
search results.
Since its introduction, exome sequencing has brought to

the identification of about 160 new disease-associated genes
annually.13,14 As demonstrated in our study, the ongoing
identification of novel gene–disease associations may impose

limitations on phenotype-based search for a probable diagnosis
in online databases, as this search strategy depends on the
frequency at which these databases are updated and include
the most recent published evidence.
We defined a blended phenotype in cases for which only part of

the patient’s phenotype, as represented by the HPO terms used, was
explained by a single AMD. This may occur in cases with an
established multiple Mendelian diagnoses in a single patient, which
is not as rare as previously thought and accounts for an average of
4.3% of cases diagnosed by exome sequencing (range 1.4–7.2%).15,16

Alternatively, a blended phenotype may be found in cases in which
genomic sequencing reveals a single AMD that explains only part of
the clinical features and does not uncover additional genetic causes
to explain the rest of the patient’s phenotype. This may occur in
cases of multiple Mendelian diagnoses that cannot be all revealed by
exome sequencing, since they are related to additional gene–disease
associations yet uncovered or due to exome sequencing limitations
in revealing certain types of pathogenic variants, such as poly-
nucleotide repeat expansions, mitochondrial DNA variants, or
noncoding variants. It may also occur when a Mendelian disorder
and a multifactorial condition coexist in the same individual.
Moreover, some cases could represent instances with less typical
or new, yet unrecognized, manifestations of the AMD due to
phenotypic expansion of a known disorder and/or limited pheno-
typic characterization of a new disease association. This is relevant as
continued characterization and deep phenotyping of patients with
newly reported disorders help to better understand these novel
conditions and delineate the clinical spectrum beyond the first

Table 2. Number of databases in which the actual molecular diagnosis was found.

Number of databases that included
the actual molecular diagnosisa

Number of cases
(total: 100 cases)

Main indication for testing

Cognitive abnormalities, ID or DD with/without
neurological abnormalities, or multiple congenital
anomalies

Other indications

1 30 24 6

2 20 15 5

3 17 6 11

None 33 26 7

ID intellectual disability, DD developmental delay.
aFirst 300 results in OMIM and Phenolyzer and all 100 results in Mendelian.

Table 3. Summary of the search results (N= 100).

Search result for the AMD Any of the databases OMIMa Phenolyzera Mendeliana

Found 67.0% 58.0%c 28.0% 35.0%

1st search result 4.0%b 3.0%d 1.0% 1.0%

Included in first five results 15.0% 9.0% 6.0% 7.0%

Included in first ten results 21.0% 10.0% 10.0% 9.0%

Mean rank; median rank; range — 97; 61; 1–295e 56; 21; 1–270 37; 29; 1–92

AMD actual molecular diagnosis.
aAnalysis was based on the first 300 results in OMIM and Phenolyzer and all 100 results in Mendelian.
bWith OMIM clinical synopsis filter 5.0%.
cWith OMIM clinical synopsis filter 59.0%.
dWith OMIM clinical synopsis filter 4.0%.
eWith OMIM clinical synopsis filter 97; 60; 1–300.

Clinical overlap

10%

15%

13% 62%
Blended phenotype

New/Very rare disease

Mild/Partial manifestation of a known syndrome

Fig. 1 Disorder-related factors associated with the low search
yield. Proportion of the different types of disorder-related factors
that may have affected the low search yield is shown for 79 cases in
which the actual molecular diagnosis was not included in the first
ten search results in any of the three databases (OMIM, Phenolyzer,
and Mendelian).
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gene–disease association report.17,18 In all of these scenarios, an
unspecific phenotype is expected to negatively impact the search
yield, as it creates “phenotypic noise” limiting the search for a single
probable diagnosis that can explain the patient’s phenotype.

Clinical evaluation–related limitations in phenotype-based search
Clinical evaluation–related limitations of phenotype-based search
can be attributed to the HPO term selection strategy. These
include both the number of HPO terms used and their content,
which directly impact the informativeness of the query.
Concerning the number of HPO terms used, on one hand, it is
expected that many of the probands selected for exome
sequencing would not have a specific phenotype that allows to
focus on a specific gene or a specific group of disorders or genes.
Therefore, clinical overlap and the complexity of the differential
diagnosis in these cases may not enable the clinician to choose
only some phenotypic features for the analysis, which results in
an apparently blended phenotype represented by the combina-
tion of selected HPO terms that include also phenotypic features
unrelated to the patient’s AMD. On the other hand, an attempt to
use a smaller number of HPO terms may result in partial
representation of the patient’s AMD, which, again, may negatively
affect the search yield. One recent study has suggested that using
5 well-chosen key HPO terms is as successful as using 10 or 15
HPO terms for the interpretation of genomic sequencing
results.19 Nevertheless, it is unclear whether this suggested
approach would be as effective in the case of phenotype-based
search for a probable diagnosis in online databases prior to
exome sequencing analyses.
Concerning the content of HPO terms used, it was previously

suggested that when coming to use HPO terminology, ideally the
most specific HPO terms should be used.20 It might be the case
that some of the algorithms automatically expand the query
from a more specific term to a more general term; nevertheless,
it is not determined whether specific terms are superior to
general terms in all cases and for all types of disorders. For
instance, it is not clear whether in all cases the inclusion of
separate HPO terms specifying all of the patient’s dysmorphic
features will necessarily yield better search results compared
with the inclusion of the general HPO term “abnormal
facial shape” (HP:0001999). Moreover, at least in some cases, a
meticulous query to obtain the most specific HPO terms may
depend on the clinical expertise of the referring physician, as
well as on ancillary test results. Therefore, in certain cases it may
require evaluation by other medical specialists and performance
of additional tests, prolonging the diagnostic odyssey. The issue
of selecting specific versus general HPO terms for diagnostic
purposes in different cases and in different types of disorders
is an important subject to be continuously evaluated and
optimized. A recently published article suggests how to optimize
the set of HPO terms used.20 The selection of relevant HPO terms
depends, nevertheless, mainly on clinical judgment, making it an
important source of variability that imposes limitations when
using phenotype-based search tools.

Database-related limitations in phenotype-based search
Some of the inherent features of online phenotype-based search
tools may negatively affect the search results. One of these factors
may stem from the limitations of their algorithms that are used
to prioritize a list of probable diagnoses according to a phenotype
query. A major limitation of publicly available phenotype
databases/catalogs and online search tools can be attributed to
their manual curation. This may result in a lag between publication
of new gene–disease associations and database updates, as well
as outdated information in these databases of the most recently
known disease manifestations for a given disorder.

Potential implications
Medical geneticists are facing the challenge of a time-
consuming evaluation in each case and increasing demands
related to advanced genetic and genomic testing.21 Further-
more, a recent study that investigated the current conditions in
medical genetics practice found that wait times and average
new patient caseloads have increased over time, while the
number of geneticists has not.22 These changes require
adaptations that will keep cost-effectiveness and shorten
turnaround times for analyses and results without compromis-
ing the quality of patient care. To investigate potential
adaptations, we focused in this study on phenotype-based
search for a differential diagnosis in online databases. This is a
key component in the practice of medical genetics. Our results
demonstrate that phenotype-based search approaches using
public online databases is ineffective in diagnostics of Mende-
lian conditions in the era of advanced genomic testing. They
suggest that better phenotype-based search tools are needed to
improve the diagnostic process. In addition, they emphasize the
need to consider a more structured strategy for HPO term
selection. Finally, these results suggest that a genotype-first
approach with backward phenotyping may be more efficient,
except for patients who present pathognomonic or extremely
rare or unique phenotypic features or a specific facial gestalt,
for whom a specific diagnosis can be considered a priori. This
suggested shift toward molecular diagnostics through a
genotype-first approach should be further investigated in the
future for better differential refinement of its potential use in
different types of disorders. The proposed changes in pheno-
typic evaluation are summarized in Fig. 2.

Limitations
This study has several limitations. First, it did not include “all-
comer” patients from our genetics clinic, including those with a
specific phenotypic gestalt that may allow reaching a diagnosis by
gene-specific pathogenic variant testing or gene panel testing and
therefore not requiring exome sequencing. These cases would
probably have shown a better diagnostic yield in phenotype-
based search tools. Nevertheless, the methodological structure of
this study aimed to represent the real-life experience of Mendelian
disorder diagnostics in cases for which exome sequencing is
necessary and indicated.
Second, most cases in this study (71.0%) had the same main

clinical indication for exome sequencing of intellectual disability
or developmental delay with or without additional neurological
features, or multiple congenital anomalies. It is possible that
in cases with different indications for exome sequencing the
phenotype-based search would return a different yield. Yet, this
should be tested separately for specific groups of disorders in
future studies.
Third, in this study, due to practical considerations, we

investigated the results in three commonly used publicly
available online phenotype-based catalogs and tools, and did
not attempt to do an exhaustive evaluation of all online
databases available for that purpose. Nevertheless, considering
the very low yield we obtained from our study and the
limitations of phenotype-based search tools discussed above,
other additional tools are unlikely to yield significantly different
results. However, this could be further investigated in additional
studies in the future.

Conclusion
This study demonstrates that phenotype-based search using
publicly available online databases and catalogs is ineffective in
streamlining the diagnoses of Mendelian conditions. Our results
suggest that molecular diagnostics through a genotype-first
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approach with deep backward phenotyping should be considered
as a central diagnostic strategy in medical genetics, with added
modifications on a case by case basis. These suggested measures
are aimed at improving the diagnostics of Mendelian disorders in
the era of advanced genomic testing. They should be further
investigated in future studies to refine their differential applic-
ability in diverse groups of Mendelian conditions.
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Very rare/unique or pathognomonic
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A specific facial gestalt?
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Fig. 2 The proposed genotype-first approach. This flow chart shows the suggested changes in phenotypic evaluation, integrating a
genotype-first approach to improve diagnostics of Mendelian conditions. ES exome sequencing, GS genome sequencing.
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