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What is Rare Genetic Disorder?
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• Diseases caused by genetic abnormalities among diseases in which 

prevalence < 20,000 or diagnosis is difficult (in Korea)

- Varies by countries

(US: < 200,000, Japan: < 50,000, Eurpoe: Ratio < 1/2,000, etc.)

• Genetic

- Hereditary: 80%

- Pediatric: > 50%

• High mortality

- 35% of deaths within the first year of life

- 30% die within five years of life

• Diversity: More than 7,000 diseases reported

- Diversity in phenotypes and genotypes

Affecting 5 ~ 10% of population

• Due to rarity, diversity, genetic natures

• Visits 7 MDs on average until diagnosis

• 5 to 7 years on average until correct 

diagnosis

• Gives answer to patients with the cause of disease

• Potential chances for treatment

• Genetic counseling to patients and parents

• Leads to new drug R&D

- Personalized anti-sense oligonucleotide (ASO), etc.

- Life-long treatment



Diagnosis of Rare Genetic Disorders
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Clinical observation of

patient’s abnormal phenotypes

Previously reported > 6,000 disorders

Phenotypes

Causal genes

Identifying patient’s genetic variations

Gene X

Prioritizing potentially 

causative pathogenic 

genetic variants

Listing candidate 

diseases

Final diagnosis of patient

Successful diagnosis is significantly dependent on clinical and technical abilities.



Diagnosis of Rare Genetic Disorders
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• Identifying abnormal phenotypes

• (Listing candidate diseases)

Identifying genetic variations

Filtering genetic variants with low VAF

• Prioritization based on diagnosis guidelines (e.g., ACMG)

- Specific implementation of each guideline step is mandatory

- Computational prediction of pathogenicity is not good 

enough

질환명

연관 유전자

증상

• Comparison with known  disease 

gene – phenotype information

- Largely subjective evaluation on 

phenotype similarity

- Co-evaluation of phenotype and 

variant pathogenicity is also subjective 

in general.

Possible large variation in diagnosis



Pathogenic Variant Prioritization
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(Zhang et al., Genetics in Medicine 2020) (Ponzoni and Bahar, PNAS 2018)

• Ongoing development of variant

pathogenicity prediction software using

various characteristics

- NA/AA sequence characteristics of

pathogenic variant

- Protein structure and function

- Ensemble integration of multiple prediction

tools



Pathogenic Variant Prioritization: Limitation
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• Most clinical applications target specific genomic regions
- Selected disease genes

- Coding regions

• Missing genomic regulations beyond DNA sequence
- Limited utilization of gene expression & protein information

• Missing tissue-specificity
- Most clinical applications rely on germline DNA from blood cells
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• Patients usually have multiple likely-pathogenic variants.
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Advances in Pathogenic Variant Identification: Extending Coverage
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• Rapid WGS such as 

STAT-Seq

- 30~40X WGS variant 

analysis within 50 hrs

• Identifying non-coding/structural variants

• Custom HW such as 

Illumina DRAGEN

- 30X WGS analysis 

within 25 mins

XHMM (2012)

EXCAVATOR2 (2016)

CODEX2 (2018)

Fresard et al. (Nature Medicine 2019)

Kremer et al. (Nature Medicine 2017)



Phenotype Matching
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The Human Gene Mutation Database

Online Mendelian Inheritance in Man

• Human Phenotype Ontology (by Monarch initiative)

- Consortium of EMBL-EBI, Jackson lab, etc.

- Tree-structured definition of phenotype ontology

- More than 13,000 phenotype terms

- More than 156,000 annotations to hereditary disease



Phenotype Matching: Challenge

9

• A patient does not show all the previously

reported phenotypes.

• Multiple diseases can show similar

phenotypes.

• Matching known disease information

with patient’s phenotypes often requires

expert clinician’s involvement.



Advances in Utilizing Phenotype Information: HPO Example
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Nucleic Acids Research, 2021, Vol. 49, Database issue D1209
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Figure 1. HPO terms organized by organ system. (A) Counts for top-level phenotype terms (direct descendants of Phenotypic abnormality (HP:0000118)
are shown. Counts of terms added to the ontology after the previous article in this series (19) are shown in dark blue (added between 25 July 2018 and
18 August 2020). (B) Examples of new terms added 2018–2020 and their parent terms, for selected organ systems. (C) An example text definition and
synonyms for a new term.

The HPO provides annotations to diseases defined by
Online Mendelian Inheritance in Man (OMIM) (17), nearly
all of which are monogenic (Mendelian) diseases. Currently,
93 885 of a total of 108 580 such annotations were de-
rived from mining the Clinical Synopsis section of the corre-
sponding entry. 14 695 (13.5%) annotations were produced
by curation by the HPO team and often contain additional
information such as age of onset, affected sex, clinical modi-
fiers, or overall frequency of the feature. A total of 7801 dis-
eases are annotated in this way, corresponding to 108 580
annotations in all (with a mean of 13.9 annotations per dis-
ease). 296 curated annotations to 47 chromosomal diseases
identified by DECIPHER (18) accessions were also gener-
ated by the HPO team (mean 6.2 annotations per disease).

In parallel, Orphanet uses the HPO to annotate rare dis-
eases and has continued to develop annotations to a broad
range of diseases (currently 96 612 annotations utilizing
7495 distinct HPO terms for 3956 diseases, with an aver-
age of 24.4 terms per disease). These annotations include
information about the frequency (obligatory, very frequent,
frequent, occasional, very rare or excluded) and whether
the annotated HPO term is a major diagnostic criterion
or a pathognomonic sign of the rare disease. These data
are available at Orphadata.org and in the HPO-Orphanet
Rare Disease Ontology (ORDO) ontological module called
HOOM (See Data Availability section, below). While some
of the annotated diseases overlap, Orphanet contains in-
formation about non-Mendelian rare diseases and defines
diseases primarily based on clinical criteria, thereby pro-

viding a complementary resource. Both sets of annotations
are available in a combined annotation file available on the
HPO website. Figure 2 displays the growth in annotations
to the OMIM entries.

Abnormal phenotypic features or manifestations of hu-
man disease stored in HPO are also employed for medical
research projects such as SOLVE-RD. Funded by the Euro-
pean Commission, SOLVE-RD aims to solve large numbers
of rare diseases for which a molecular cause is not known.

The HPO has a sophisticated quality control pipeline. In
addition to custom software, we make extensive use of the
quality control checks implemented in ROBOT (‘ROBOT
is an OBO Tool’) (47). We have added descriptions of our
quality control processes to the HPO website under the
Help menu.

COMMUNITY COLLABORATIONS TO EXTEND THE
COVERAGE OF HPO

The UK’s National Institute for Health Research (NIHR)
Rare Disease initiatives extensively use the HPO in their
RD-TRC (Rare Disease|-Translational Research Collabo-
ration) and NIHR BioResource, in wide-ranging studies.
Following an HPO workshop with members of the NIHR-
RD-TRC in 2017, the NIHR-RD-TRC assessed the matu-
rity of the HPO across different disease areas and organ
systems. Disorders of the immune system, central nervous
system, the respiratory system, and the kidney were among
the areas where additional work was deemed desirable (3).
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Figure 3. HPO-based analyses demonstrate the clinical features associated with diagnostic variants in SCN1A in published cohorts with developmental
and epileptic encephalopathies of various known, or unknown but presumed genetic, etiologies. Fisher’s exact test p-value for each term indicates the
significance of the association between the HPO term and the presence of a diagnostic SCN1A variant in the cohort. (A) The frequency of HPO terms in
SCN1A variant carriers versus non-carriers regardless of age. (B) The same data presented to demonstrate the conceptual relationships between associated
features within the structure of the HPO. (A) and (B) modified from (24) with only a selection of terms labeled for legibility.
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Figure 4. (A) The number of seizure terms applicable to the same clinical data from 82 individuals, and (B) the total information content of seizure terms
of the same individuals according to the new and previous HPO seizure subontologies, where the information content of each term is equal to the negative
logarithm of the proportion of individuals annotated with the term (Lewis-Smith et al., manuscript in preparation).

granuloma formation, lymphoproliferation, etc.), and ma-
lignancies. Phenotypes of IEI are often complex, making
it difficult to distinguish primary disease-specific features
from secondary unspecific, infection- or inflammation-
related, or merely randomly occurring clinical manifesta-
tions. However, unequivocal phenotypic descriptions are
needed for semantic interoperability to enable the use of
defining, cross-referencing, and/or filtering algorithms dur-
ing the process of diagnosing these rare diseases. For the
purpose of data verification of entries into the large interna-
tional registry of the European Society for Immunodeficien-
cies (ESID) that includes data from >30 000 patients, either
a known genetic diagnosis or the fulfillment of working defi-
nitions for the clinical diagnosis of IEI is required. Together
with a group of international collaborators, the ESID reg-
istry working group designed a comprehensive list of oblig-
atory and optional criteria for 92 entities that lack a genetic
diagnosis (e.g. common variable immunodeficiency) that
were cross-validated by other experts in a two-phase process
(35). To enhance this catalog of clinical working definitions
of IEI, we recently added HPO terms and the frequencies of
phenotypes observed, derived from HOOM. For most other

IEIs that are included in the genotypic classification of the
International Union of Immunological Societies (36), com-
plete HPO term annotations are still lacking. To improve
the available vocabulary and annotated diseases, a targeted
expansion of IEI relevant HPO terms and re-annotation of
currently known IEIs was launched by representatives of
the ESID genetics working party and of ERN-RITA (Euro-
pean Network on Rare Primary Immunodeficiency, Autoin-
flammatory and Autoimmune diseases) with input from the
International Society of Systemic Autoinflammatory Dis-
eases (ISSAID) in 2018. The systematic review involved ex-
pert clinicians, geneticists, researchers (working on IEI) and
bioinformaticians combining an ontology-guided machine-
learning approach (37) with expert clinical immunologists’
reviews (M. Haimel, et al., manuscript in preparation). The
HPO-classification of IEI is part of The Medical Informat-
ics Initiative Germany (MII) founded by the Federal Min-
istry of Education and Research, which has launched the
Collaboration on Rare Diseases (CORD) project. Aided by
the national TRANSLATE-NAMSE project, this initiative
plays a key role in the development of digitalized patient
data allowing clinicians and scientists to make use of stan-
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“The Human Phenotype Ontology in 2021” (Kohler et al. NAR 2020)

”Seizure” terms are increased from 68 to 348 by the seizure classification 

guideline from International League Against Epilepsy (ILAE).

Vary rare (1 – 4%)

Occasional (5 – 29%)

Frequent (30 – 79%)

Very frequent (80 – 99%)

Obligate (100%)



Advances in Utilizing Phenotype Information: Integrated Tools
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Exomiser by Monarch Intiative 
(Genome Research 2014, Genes 
2020)

PhenoVar (BMC Medical Genomics 2014)

Divine (biorxiv 2018)

DeepPVP (BMC Bioinformatics 2019)

* Evaluation using the data of 108 patients with confirmed diagnosis

(unpublished)
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Application in Clinical Environment
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• Example) GenomeDiver (Pearson et al., Genetics in
Medicine 2021)

1) Patient’s variants and initial phenotyping are put into

the system.

2) The system generates candidate genes (and diseases)

with relevant phenotypes.

3) Clinical refines patient’s phenotypes.

4) The system re-analyzes using the refined phenotypes.

5) Feedback to data analysist.



Application in Clinical Environment: Regulations in Korea
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. 의료기기 품목분류  

의료기기의 등급분류는 의료기기법 제 조 등급분류와 지정 에 따라

의료기기의 사용목적과 사용 시 인체에 미치는 잠재적 위해성의 차이로

분류되며 품목분류는 사용목적 특성 위해도 등을 종합적으로 고려

하여 의료기기 품목 및 품목별 등급에 관한 규정 에 따라 분류된다

의료영상을 이용하는 빅데이터 및 인공지능 기술이 적용된 의료기기는 

표 의 품목으로 분류할 수 있다

표 의료영상을 이용한 빅데이터 및 인공지능 기술이 적용된 의료기기의 품목 예시 

의료영상 이외의 의료정보 생체신호 혈액이나 체액 등 인체에서 유래

한 시료를 통한 검사결과 를 분석하는 빅데이터 및 인공지능 기술이 

적용된 의료기기는 분석하고자 하는 정보에 따라 내장기능검사용기기

와 혈액검사용기기 내의 소분류 품목명에 따른다

- 11 -

예를 들어 혈압이나 산소포화도 등 환자의 생체정보를 분석하여 측정

정보가 정상범위를 벗어날 경우 알람을 제공하는 빅데이터 및 인공지능

기술이 적용된 의료기기는 내장기능검사용기기 내에 품목

분류 된 환자감시장치 로 신청할 수 있다

다만 신청하는 제품의 사용목적 등을 비교하여 해당되는 품목이 

없을 경우 중분류 예 내장기능검사용기기 혈액검사용기기

등 로 지정하여 신청할 수 있으며 필요 시 별도의 품목을 

신설할 수 있다 그러나 의료영상 이외의 다양한 의료정보를 이용하여 

질병을 진단 예측하는 의료기기는 현재 의료기기 품목 및 품목별 

등급에 관한 규정 에 적절한 품목분류가 없으므로 추후 표 와 같은

품목으로 분류하여 관리할 예정이다

표 의료영상 이외의 의료정보를 이용한 빅데이터 및 인공지능 기술이 적용된 

의료기기의 품목안



Application in Clinical Environment: Regulations in Korea
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• IVD approval requires clinical performance test.

• Clinical performance test covering all rare 

genetic disorders - Very difficult

Variant pathogenicity
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Epilepsy by genetic disorder

Epilepsy of unknown reason

Diagnosis of epilepsy by genetic disorder

• With a product, product manufacturing 

system, and quality management system

• Typical rare genetic disorder diagnosis 

software: 2nd grade IVD software

• Requires: Approval of plan for clinical 

performance test

• Requires: Clinical performance test at MFDS-

designated test sites

• Prospective test can be very difficult for rare 

genetic disorders. – Retrospective test may 

be used.

• … maybe 1st IVD software for rare genetic 

disorder?



Summary

u Informatics nature in the diagnosis of rare genetic disorders

§ Requires large patient cohorts for proper data curation

§ Requires various pattern recognitions and information processing

§ Well-designed systems can help clinicians.

u Ongoing changes in laws and regulations

§ For better application of informatics technologies
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