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What is Rare Genetic Disorder?

+ Diseases caused by genetic abnormalities among diseases in which

prevalence ( 20,000 or diagnosis is difficult (in Korea)
- Varies by countries * Due to rarity, diversity, genetic natures
(US: {200,000, Japan: { 50,000, Eurpoe: Ratio { 1/2,000, etc.) + Visits 7 MDs on average until diagnosis
« 5to 7 years on average until correct

diagnosis

Characteristics
- Genetic o Value of diagnosis
2.8 million Canadians.

- Hereditary: 80% IN TOTAL, RARE DISEASE IMPACT

30 MILLION it

- Pediatric: ) 50% A . - « Gives answer to patients with the cause of disease
i ,

el « Potential chances for treatment
» High mortality » Genetic counseling to patients and parents
- 35% of deaths within the first year of life ...that’s 3. .
° y athat e2s Leads to new drug R&D
- 30% die within five years of life people in the

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

- Life-long treatment
* Diversity: More than 7,000 diseases reported  agfecting 5 ~ 10% of population

- Diversity in phenotypes and genotypes )
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Diagnosis of Rare Genetic Disorders

Clinical observation of

patient’s abnormal phenotypes Identifying patient’s genetic variations

Listing candidate

* diseases

Gene X

e

Prioritizing potentially

causative pathogenic

genetic variants
Previously reported ) 6,000 disorders
Phenotypes
Causal genes *

Final diagnosis of patient

Successful diagnosis is significantly dependent on clinical and technical abilities.
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Diagnosis of Rare Genetic Disorders
Step 3: Prioritizing pathogenic genetic variants Possible large variation in diagnosis

+ |dentifying abnormal phenotypes

4 Start End SIFT_score  SIFT_pred
chrl 35226964 35226964 G 0.06 T

74716436 74716436 C 0.01 0
chrl 161138854 161138854 C
chrl 161483723 161483723 G

(Listing candidate diseases)

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

- Specific implementation of each guideline step is mandatory

- Computational prediction of pathogenicity is not good

Step 2: Identifying rare genetic variants enough

Step 4: Final diagnosis

\ | YEARS 2 256000 . o .
m_wm DMIM . mnEmNE « Comparison with known disease
et LEIGH SYNDROME; LS 22 Mitochondrial
GROWTH
oMIM® P ou ) . )
Online Mendelian Inher| NECROTIZING ENCEPHALOPATHY, INFANTILE SUBACUTE, OF LEIGH; SNE M- ZAb gene phenOtype Informatlon
Eyes
An Online Catalog of HUMAN | Other entities represented in this entry: -Ophthalmoplegia H H 1
fr— LEIGH SYNDROME DUE TO MITOCHONDRIAL COMPLEX I g - La I’ge|y Su bJ ective evaluation on
DEFICIENCY, INCLUDED P
e EEmERAtA R s e s | I h imilari
et oo oo of 1 SYNDROME DUE 10 MITOGHONDRIAL COMPLEX IV DEFICIENCY, INCLUDED EErIEE: e p enOtype simi arlty
gnomAD LEIGH SYNDROME DUE TO MITOCHONDRIAL COMPLEX V DEFICIENCY, INCLUDED - Abnormal respiratory patterns.
- Respiratory failure .
.u.. Phenotype-Gene Relationships SRR - Co-evaluation of phenotype and
Phenotype Phenotype Gene/Locus. - Hy richosis.
o I e B o ||| MuscLE P TisuEs . T -
7 e || variant pathogenicity is also subjective
PIS3 Leighsyndeome a0 MAR 3 soHA ey Central Neroous System
e T - — - I o Nerous Sstem
T e e e oo . al
. . . . . defickency oo .
Filtering genetic variants with low VAF sl il P = In gener
et “Dysartheia A




Pathogenic Variant Prioritization

Cardiomyopathies o
L Precision-Recall Curve b ROC Curve Integrated Dataset o B Integrated Dataset
1.00 1.00 n N % 0.2
NN - . Ongoing devel t of variant
075 078 = ngoing development of varian
§ | Random classifer | € . S o1 pathogenicity prediction software using
G 0 E S
£ Area Under the Curv 5 <% Area Under the Curve = U . L.
* = Ca'dif:;osr:: ;1%;6-9;)3@ m ','i CardioBoost: 91%(87-95)% S various Cha racteristics
0.25 — M-CAP: 79% (72-86)% 0.25 * — M-CAP: 78% (72-84)% \ 0 ..
— REVEL: 75% (68-83)% — REVEL: 79% (73-85)% = - NA/AA sequence characteristics of
e o . E
000 ~ primatoAl: 73% (65:91)% 000, Z PrimatoAl 77% (1.641% 2 Q0% PYNRERT8TS 8 pathogenic variant
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 OWnQN SVCgn- 2 Sc O . .
Recall 1-Specificity 5 £3 6 % ﬁﬁ S - (,,\(’ Q\é @ 0 &6 g - Protein structure and function
e . . . ..
Inherited Arrhythmias Syndromes b ° ®° § '{‘ g)o - Ensemble integration of multiple prediction
c Precision-Recall Curve d ROC Curve C o =
1.00 1.00 o e o tools
SEQ+DYN classifier SEQ classifier DYN classifier
0.75 0.75 i '
5 0.2 [ deleterious 0.2
s Random classifier 2 '-g | | neutral
% oso{ T £ 050 s D
b Area Under the Curve é Q@(\, Area Under the Curve = 0 1 0 1
B ;"g’:f‘;‘;ﬁ; ?gf; gs;';-wom i . GardioBoost: 94%(91-08)% 'g})’ ' '
048 — REVEL: 92% (86-98)% 025 - : it it ol T
= EADP::;,;’° 23712::5917" ) — CADD: 83% (76-90)%
= Eluon: 85% (B1:90)%.: _ — Eigen: 87% (81-93)% 0 0 0
0.0 SRR 000 { — PrimateAl: 89% (83-04)% 0 02040608 1 0 02040608 1 0 02040608 1
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 . . .
Recall 1-Specificity predicted score predicted score predicted score
ang et al., Genetics in Medicine onzoni and Bahar,
(Zhang et al., Genet Med 2020) (P d Bahar, PNAS 2018)




G,' il BT i
-
»

BREBEENRIR

Pathogenic Variant Prioritization: Limitation
Low accuracy of pathogenic variant prioritization

- Most clinical applications target specific genomic regions « Patients usually have multiple likely-pathogenic variants.
- Selected disease genes Top 1 prediction accuracy
- Coding regions 100%
0% * Evaluation using the data of
80%
0% 108 patients with confirmed
« Missing genomic regulations beyond DNA sequence 6% diagnosis
50% .
- Limited utilization of gene expression & protein information o (unpublished)
30%
20% 2<y
- Missing tissue-specificity o ’ 0% 0% 0%
Predict Exomiser Divine DeepPVP

Most clinical applications rely on germline DNA from blood cells
Top 5 prediction accuracy

90%
80%
70%
60%
50%
40%

30% 17% 17%

20%

[0)
o -

Predict Exomiser Divine DeepPVP 6
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Advances in Pathogenic Variant Identification: Extending Coverage

Whole-genome sequencing SV identification with Targeted-seq Application of RNA-seq

« ldentifying non-coding/structural variants

* Rapid WGS suchas -

STAT-Seq
- 30~40X WGS variant

analysis within 50 hrs

Obtain consent and blood sample
ing li

Custom HW such as

lllumina DRAGEN
- 30X WGS analysis

within 25 mins

Local DRAGEN server

[TATTGGTGAGCTATGACCT
[GTCATTCAAGCTATAATCG
AGCTCGATCGATCGRACG |

ocal storage

Sequencing Local network

HiSeq 2500 2 x 100 bp sequencing instrument

CASAVA base calling
RUNES variant annotation

DRAGEN"

SSAGA-delimited variant analysis
and interpretation

Verbal interim report of diagnosis
pending CLIA confirmation
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CODEX2 (2018)

Genetic diagnosis O

No genetic diagnosis

after exome sequencing

1. Patient fibroblasts (n=105)

A

N
Aberrant expression
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2. RNA sequencing
Aberrant splicing
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Proteomics

3. Functional and biochemical validation

Complementation

Supplementation
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Genetic diagnosis 'Q

No genetic diagnosis

Kremer et al. (Nature Medicine 2017)

New genetic diagnosis

Loss of function Missense Synonymous
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Phenotype Matching

Curation of disease gene-phenotypes Standardization of phenotypes

The Human Gene Mutation Database

The Human Gene Mutation Database e 11,813 phenotype terms
at the Institute of Medical Genetics in Cardifl i
s s e ——— i 127,125rare disease-phenotype annotations
Gene symbol 8 oo Symbol: Missense/nonsense. 8| co! 136,268 di
The Human Gene Mutation Database (HGMD®) represents an attempt to collate all known (published) gene lesions responsible for human inherited disease and is maintained in Cardiff by DN. Cooper, E.V. Ball, PD. Stenson, A D. Phillips, K / \ / \ / |
lar.

Evans, S. Heywood, M.J. Hayden, MM. Chapman, M.E Mort, L. Azevedo and D.S. Mil

T e e ik s s o dss ey iy sl s o e oo st psatons, A ot s i s e o QTACES o
[ oo oni 1 I licsse o HOMD bl ¢ z users wishing o access the o ofthe datibas (it QIAGENS (0 reqost il of HOMD Profesion ul)
a ; ! oreor e dissute HGMID data Copyrih 200, Aligh
PR m— oo /
Table: Description: i e et L NI / N /
M About  Statistics - Downloads ~  ContactUs  MIMmatch  Donate -  Help~ ©
Gene oy Th g descrption, gene symbol (a1 HP:0012372 Abnormal eye / \
e symbol (
symbol has not yet been made official, a YEARS morphology \
CcDNA sequence  cDNA reference sequences are provided,
Genomic . -
i Genomic (chromosomal) coordinates hav

/7 \ \

Standard HGVS nomenclature has been Human Genetics Know/edge - .
nomenclature LRy for the World HP:0004409 Hyposmia HIP :;(I)oaaf Abnormality of
Missense/nonsense 1€ base-pait subsitutions in coding globe location
third position in the triplet. ® . -
- M ith for mRNA : ]
SR | iicto OMIM : i HP:0007373
Reglaory G iaion . mston o Online Mendelian Inheri in Man® Motkrneonatophy
y ‘Micro-deletions (20 bp or k nlin n 1an Innheritan n n : I
Smallelions L s o e v S MSHEEia eritance a : it HP:0000490 Deeply set eye
Smallnsetons  YoerRSeon (001D 0 )t B An Online Catalog of Human Genes and Genetic Disorders : /N
‘Small indels Micro-indels (20 bp or less) are presentec Updated October 22, 2021

numbered codon is preceded in the given
Gross deletions  Information regarding the nature and loct

[Choesiborziing, NS it i il it Search OMIM for clinical features, phenotypes, genes, and more... Q . H
Somsicy Information regarding the nature and loct
rearmangements
T T Advanced Search : OMIM, Clinical Synopses, Gene Map Seorc%%qz)%ogfssemnzﬁw UBERON_0010230 CL:motor neuron
Need help? : Example Searches, OMIM Search Help, {3 OMIM Video Tutorials eyeball of camera-type eye
Mirror site : https://mirror.omim.org 34571 annotations in 157534 phenotype 2150 phenotype
22 species annotations annotations

OMIM is supported by a grant from NHGRI, licensing fees, and generous contributions from people like you.

Make a donation!

« Human Phenotype Ontology (by Monarch initiative)
OHNS HOPKINS
R - Consortium of EMBL-EBI, Jackson lab, etc.

Eﬁeneti: Medicine

Follow us on Twitter 4

Tree-structured definition of phenotype ontology

Online Mendelian Inheritance in Man - More than 13,000 phenotype terms

- More than 156,000 annotations to hereditary disease 3
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Phenotype Matching: Challenge

ICD+

# 308350
DEVELOPMENTAL AND EPILEPTIC ENCEPHALOPATHY 1; DEE1

INHERITANCE
- X-linked recessive

HEAD & NECK
Head
- Decreased head circumference

RESPIRATORY
- Dyspnea

ABDOMEN

Gastrointestinal

- Dysphagia
NEUROLOGIC

Central Nervous System
- Seizures, intractable
- Myoclonic seizures
- Hypsarrhythmia
- Arrest of psychomotor development after seizure onset
- Mental retardation
- Dystonia
- Status dystonicus
- Choreoathetosis
- Quadriplegic dyskinesia
- Axial hypotonia
- Hypertonia
- Hyperreflexia
- Spasticity
- Enlarged ventricles
- MRI shows T2-weighted signals in the basal ganglia

MISCELLANEOUS
- Onset of seizures in first months of life (usually 4 to 7 months)
- Dyskinesias occur in a subset of patients later than seizures (6 to 12 months)
- Males are most severely affected, but females can also be affected
MOLECULAR BASIS
- Caused by mutation in the X-linked aristaless-related homeobox gene (ARX, 300382.0001)

Contributors:  Cassandra L. Kniffin - revised : 12/26/2007
Creation Date:  John F. Jackson : 6/15/1995
Edit History:  ckniffin : 04/01/2010

# 300055

INTELLECTUAL DEVELOPMENTAL DISORDER, X-LINKED,
SYNDROMIC 13; MRXS13

INHERITANCE
- X-linked recessive

HEAD & NECK
Head
- Microcephaly &
Face
- Micrognathia &
- Facial hypotonia
Ears
- Large ears
Mouth
- High-arched palate
- Sialorrhea
Teeth
- Bruxism
Neck
- Short neck &

GENITOURINARY
External Genitalia (Male)
- Macroorchidism (described in 1 family)

SKELETAL
Feet
- Pes cavus &

MUSCLE, SOFT TISSUES
- Distal atrophy of the legs

NEUROLOGIC
Central Nervous System
- Mental retardation
- Delayed development
- Delayed speech
- Spasticity
- Tremor
- Ataxia
- Parkinsonism
- Shuffling gait
- Spastic gait
- HzEerreﬂexia

- Increased tone

ICD+

« 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.
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Advances in Utilizing Phenotype Information: HPO Example

Fine definition of phenotypes Curating phenotype frequencies

“The Human Phenotype Ontology in 2021” (Kohler et al. NAR 2020)

Perrault Syndrome 3 omimsia129

Any Perrault syndrome in which the cause of the disease is a mutation in the CLPP gene.

A Number of new terms added B Example new terms ")
Vary rare (1 - 4%)
- AbnAotr}mahly ‘oélhe s?e\ettal system
normal bone structure
Skel IO 1000 2000 3000 - Bone fracture (HP_0020110) Occasional (5 — 29%)
eleta . )
Nervous system N Abngrmalny of the nervous system HPO Associations Gene Associations
Head and neck ocal automatism seizure _ 0,
Metabolism/Lab - Focal orofacial automatism seizure (HP_0032899) Frequent (30 79 AJ) Inheritance [ 1 annotation]
Genitouri Eye - Abn}_c')rmahly of hefacéor ngckl f o
enitourinar amartoma of the orbital re —
Cardiovascula¥ - Hamartoma of the orbltalgreglon (HP_0030670) Very requent (80 99 A)) Term Identifier  Term Name Frequency Source(s)
InteguBTenJ - Abnormality of the eye i 0, HP:0000007 Autosomal recessive inheritance oMM [
00 . 2018-2020 Aplaswa/}—e/ypoplaswa of the Obllgate (1 00 /o) g
Digestive - Congenital aphakia (HP_ 0007707)
MUSC|€ l 2008-2018 Growth [ 1 annotation ]
Respiratory Abnormal\ly of melabohsm/homeostasws
Endocrine - Abnormal circulating vitamin B6 lev

- Elevated circulating vitamin B6 Ievel (HP_0032477) Term Identifier Term Name Source(s)
- Abnormal\ty of the immune system

Immunology
Ear

Prenatal - Abnormal proportion of CD4-positive T cells HP:0004322 Short stature Occasional oMM 4
Neoplasm - Increased proportion of CD4-positive T cells (HP_0032219)
Growth ——
Limbs

Constitutional

Connective tissue C Example new term definition (HP_0032219)

Developmental And Epileptic Encephalopathy 2 ommoos72

Frequency Source(s)
Breast T
ext Definition: An elevation in the proportion of Any early infantile epileptic encephalopathy in which the cause of the disease is a mutation in the CDKLS gene.
Abnormal ce\l/lujar CD4-positive T cells relative to the total number of T cells. Y carly antie epreptic encepheiopatiy n it ) peasesamutatont gene
oice

- OMIM [
. : Synonyms: Increased proportion of CD4+ T cells Increased

Thoracic cavity pyopor%on of CD4-| pOS?[IVg alpha-beta T cells Elevated

proportion of CD4-positive T cells -

OMIM (3

HPO Associations Gene Associations
A Phenotype profile size by patient (1]
1 5 o0 Inheritance [ 1 annotation ]

2

= Term Identifier Term Name Frequency Sourcel(s)
o2
a Qo
Ic 10 HP:0001423 X-linked dominant inheritance oMM (4
S
- E Digestive System [ 2 annotations ]
i
E @ Term Identifier Term Name Source(s)
=5 5
Z]

'q-, HP:0002020 Gastroesophageal reflux PubMed (&

(7]

0 HP:0002019 Constipation PubMed (&
HPO in 201 8 HPO in 2020 Skeletal system [ 1 annotation ]
” . ” . . . .
Seizure” terms are increased from 68 to 348 by the seizure classification Term dentfier Term Name Frequency Sourcels)

guideline from International League Against Epilepsy (ILAE). HPOOD2SSD  Scolioss ws Pubted B 10
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Advances in Utilizing Phenotype Information: Integrated Tools

3 e amy bse e * Evaluation using the data of 108 patients with confirmed diagnosis
To specify along with multi-sample
(family-based) VCF files
o (a) | Variant filtering Brnafoe _ (unpu blished)
Type of variant Traits Exome
:;/:n;it:;‘i’ltf;?{nn(e Similarity VtZF
search ..
| ! il Top 1 prediction accuracy
(b) ‘ Variant score ‘ Phe(;:::): f:i:cc)ore Phenobase o
Variant |;",':’/';§':’::;;U | Phenotypic similar] o i ) 100%
Prioritization Y i Simulated m.]m Genotypic weight 90%
i
00‘;‘"'(]:'- :Eﬁ Real patients : model
rohane! Local patients oC Othw  mo 80%
I ¢ v =
Exomiser I | | 70%
score wo _w o
1 60%
Exomiser score = 4 1375513 + 1039451 x Phenotype scare + 918381 x Phenotypic weight . , . Genotypic weight 509
for each OMIM entry # v for each OMIM entry # °
Exomiser by Monarch Intiative ———— 40% 31%
(Genome Research 2014, Genes R 30% 20%
2020) A AN 20% 6%
. o
- p 1000 . 2 %
PhenoVar (BMC Medical Genomics 2014) 0% .
Predict Exomiser Divine DeepPVP
e | mE wmn ot Hidden 13/ Maden | 3] Wme Top 5 prediction accuracy
et _— aver ver | wer |
fonoma iy hatene froopese \ “ PREDICT : Prioritizing rare genetic 100%
g disorders with combination of genotype
and phenotypes 90%
[High |m|:| input #1
phenotypes phenotypic data encoded using HPO (The Human Phenctype Ontology) 800/0

>
it
N

Patient
CHR|  POS ) REF| ALT CADD, DANN, input #2

10 123243197 152278202 G A GWAVA

10 123247669 15111564057 AC A
Similarity score

70% 60%
60% 55%

10 | 123256215 5 T e
10 |123549601/1535350755 | T | G

Inhv‘r-.i:‘r:;:oﬂ N, R 50%
Divine (biorxiv2018) | L el NN /L 0% 31%
; 30%
. . . S N Z(P/D 70/
DeepPVP (BMC Bioinformatics 2019) | SR p— 10% :

0% .

PREDICT (m prepal’ation, beta) Predict Exomiser Divine DeepPVP 1 1
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Application in Clinical Environment
seencng s vrnGerttenton: (& Yool

then uploads VCF and HPO terms from
* Gene and disease selection

order form
* HPO term selection

« Example) GenomeDiver (pearson et al., Genetics in

Medicine 2021)
Clinician categorizes terms, based on knowledge

of patient
2

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

the system. Feedback-aided analysis

2) The system generates candidate genes (and diseases)

with relevant phenotypes. ‘a

.. . GenomeDiver generates, based on
3) Clinical refines patient’s phenotypes. Clinlclac fasdbacic

* ranked variants GenomeDiver generates list of diseases ‘3

+ additional HPO terms
| 'o.
Clinician flags

4) The system re-analyzes using the refined phenotypes. FIPOTSIio Rasane ASSOCRIONS
potentially relevant

diseases and
attaches comments

5) Feedback to data analysist.

12
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Application in Clinical Environment: Regulations in Korea

Medical devices guideline (2017) Lawon IVD (2020.5.1.)

olgajire. 3 1) ol 0]3Lxz|i:= 7]1<Lo] A [} o] 3= Al o ' 7 S
< ¥ 1. EYEE o83 BHolE 9 AFAF 7o AHEH 95717 F5 Al > wMe|zicte|27|7|H
HS =453 A 9 [Al3 2020. 5. 1.] [#E 164335, 2019. 4. 30., HH]
O|HALEMTIR| | o|2AIS EESI0] 2o| X2, 2o| Al ATkl ARIRS Al ZO|FEOHHA (227|712, 043-719-3755
1
AEZES SH-E ASkE ZAloll ARBSHE AZE = %
o | st M3ks 2ol ABSke o] 1= =
WAMIX|ZAE | 252 2|28 PAS o|85lo] e 2ol x|z g =9
2 H1Z(5H) o] He AMeAZITe|27|7|o HZE - ¢ § #Z0 el L X|2lof Zest AEre 350 MIZITte|27|7|o] oty ste U EX Hatg =23

1 AHeFIEte|2Y|7|o| ZHBYHE o= IR S & H|QTIT 27|72 YH| O|HIX|ES SH2= BTt

. o|Zodat LjollAl Falnt CiZ ofat H9lE ZE B 5 g
o|FHAAEE R
3 'A ﬁ( p | M EE RN S22 BB elgelel HckmE Bz
_‘_EEO H2E O] 0| & )\AR;EQ QE%E%W 7|:_
# Ster ALRSke £z Eso] d2(el) 0l HollAl ALgsts ojo] £ 3w 2t
. R — S S e i e B —
SRSy gy g———— L UHIQIZIEt|27|7|2t AlZOILt S2REE| Rafsts RIS RQ0IN HASE| 2Ist0d B i Zpe10] AES AlSt, CfE - 2 21, 7|17 - 7|7
SIRFBYTERE || o e Jlem Mo= K=oz mAlll olzolo x|, AZESQ0]  To|27|7|%, zxmgoum o|27|7|124 kg 2 89| ol siLtol sigsts MZS Lsict,
4| ameaioy | SO OE 7ISY BEE XS HAISi olmSlel
T FoiE™e Bxsteh| AlgSe 2= ESof 7h Y2iAH Fe YRR HHE T SHo2 A8S=NE
Lt o] AQ(RR)S BESIALL Dol 0|$E 2| st 2o AISES HIE
< %2 o294 o]9le] o)eAgRE o83}k BlYolE] T TALS y])o] AL Ch ME=el Zofoll cist FE XIS S22 M8E= HME
9871719 EEEQY > 2t o, ZX| 52 T2 MO £I7LE O[AIstTA & of QA 2 MaHy Eto) LS YH MBS SHo= AISES XIE
Ws | Z=HED) =9 O X2 B U X2 ZWE oIS5| ofat SHoE A8EE NS
ERtel Z+E MMPE(ezYY M)E AEsto] Hatmt bt X|2 WS ZANSIALL X2 &1t F= BARS DLEYS| 8t 2HO2 AL HE
j | SHtSEERR OIS oy UES HEW £ VS WSSV HY 2. A"t IR i SERSE| ATAIL HAE T - ME - HOL- Ho) - AW - H0 ST} 0|52 HelE B, HE, 2,
2ZESQ) |EE RAM S22 EAIS oEelo FLAYES Bx _ o _ e e
stod Ab2 st A zegof DNA(Deoxyribonucleic acid), RNA(Ribonucleic acid), T & S& Zstct.
R ZHE MAYE(IZIN AMe)E Argso] Hgo] 3. AR MSAIE 0|2 HIQIEIE|R77|0| M52 SH5Y| 95101 ZAIES BAst0] YA - MaN - HelstE Aol BRE HIHE Holshs AIHS
, |dANBHEEE | §2 Fdel FBT w& Hel def S8 AT == sich,
2ZESQ) |HEALL 5N HEE AESZ EAISH oEelo|
FCIE S BESHEN ALBSHE 2T E9of
oldlgelZA | ol fel AME BAsle Halm ch2 Solxel Hnls P01000 A A F A= EHo] IVD software for diagnosis
3 HaEBx | MZste] o|Bolol ACEMES BxsteEd AL8SHE
e e P01010.01 ASHHAALZE O] [2] VD software for diagnosis to disease, except cancer, tumor
o oA wel AME 2] Zuel 57 NHo 53 i _ . _
e e g YA EG Y AY AR EE F7F dEste 2dzd, vAdE T4,
IE=ES N -
Y icame |HEE MEe= mAsl szl NuEyE vz SHAMY Ao Atz 5 ADHRE A FE LTEG o]
sEER st AlB3ts 2z egof 13
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Similarity with
associated disease phenotypes

Application in Clinical Environment: Regulations in Korea

Target disease selection

+ IVD approval requires clinical performance test.

+ Clinical performance test covering all rare
genetic disorders - Very difficult

Diagnosis of epilepsy by genetic disorder

Predictions: model 1.6

Epilepsy by genetic disorder

Epilepsy of unknown reason

Variant pathogenicity

GMP Certification

+ With a product, product manufacturing

system, and quality management system

Clinical performance test

Typical rare genetic disorder diagnosis

software: 2" 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 15t IVD software for rare genetic
disorder?
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Summary

+ 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.

+ Ongoing changes in laws and regulations

For better application of informatics technologies
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