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Genetic
Diagnosis

Clinical Clinical Molecular
Cytogenetics Genetics
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Chromosome microarray QF-PCR

* Sanger sequencing
e Quantitative genome analysis

MLPA
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Genetic
Research

Genome analysis

e Prenatal/preimplantation
* Congenital anomalies

* SNP-array
* Exome sequencing
* Low-depth whole genome sequencing
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Cytogenetics Molecular Cytogenomics

Laborious
Time-consuming

Expensive

Diagnose one or only
a few

Cytogenetics

Automated
Rapid
High-throughput

Relatively low cost

Multiple diagnosis



A comparison of clinically available methods to analyze the genome

cytogenetics DNA-based

Whole exome sequencing

G-banding
karyotype

L™
.

FISH

aCGH

SNP array

rate)

Resolution ~10Mb (>5Mb) Variable <1Mb Several kb Single base-pair
(kb ~ Mb) ~1Mb
Cost high high high high high
Sensitivity
(true positive ~5% ~5% >20% >20% >20%




A comparison of clinically available methods to analyze the genome

Cytogenetics DNA-based

FISH

G-banding
karyotype
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SNP array

Whole exome sequencing

abnormalities

w5 i
Unique e Easy and reliable *High sensitivity | *High resolution *High * Ultimate resolution
strength | *High sensitivity for for mosaic *CNV resolution | *Point mutations
mosaic cultures cultures *LOH
* Detection of * Detection of *UPD
balanced complex
chromosomal karyotype and
abnormalities markers
Unique *Low resolution * Inability to * Low sensitivity for *Low e Difficulty interpretation
limitations identify CNVs mosaic cultures sensitivity (VUS)
* Cannot detect for mosaic
polyploidy and cultures
balanced




PCR-based

e False result due to MCC, low-rate mosaicism,
STR duplication

QF-PCR (1993~) MLPA
Defection of Trisomy 21 1. Denaturation and Hybridization
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Unique * Rapid method (within 24 hours) for prenatal | *A rapid, high throughput technique for copy
strength aneuploid screening number quantification — up to 50 different
* Required only small amount of sample — no genomic DNA or RNA sequences
cell culture * Many different applications (probe mixes)
* Relative low-cost - tumor profiling, methylation profiling
* High-throughput
Unique *Low coverage (only 13, 18, 21, Xand Y) * Can not detect balanced chromosomal
limitations | *Homozygosity abnormalities

* A sufficient number of cells is required
* Not genome-wide scanning
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Case Report Taiwanese Journal of Obstetrics & Gynecology 58 (2019) 318e323

Prenatal diagnosis and molecular cytogenetic characterization of
partial dup(18q)/del(18p) due to a paternal pericentric inversion 18 in

a fetus with multiple anomalies

Min Jin Lee Sang Hee Park ®, Sung Han Shim °,

Dong Hyun Cha

Myoung-jin Moon © "

37-year-old F (Gravida 2, para 0, SA 1)

17 weeks and 5 days of gestation

Normal for integrated maternal serum
screening

Abnormal ultrasound findings
Amniocentesis and chromosome analysis
- 46,00,der(18)

* Hypertelorism
. * Clenched hands

e Terminated at 23 weeks
4 ' and 3 days of gestation
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Contents lists available at ScienceDirect

Gene

journal homepage: www.elsevier.com/locate/gene

Siblings with opposite chromosome constitutions, dup(2q)/del(7q)
and del(2q)/dup(7q)

Sung Han Shim *®, Jae Sun Shim ¢, Kyunghoon Min ¢, Hee Song Lee €, Ji Eun Park ®, Sang Hee Park ”,
Euna Hwang ¢, MinYoung Kim &*

* Department of Biomedical Science, College of Life Science, CHA University, Republic of Korea

b Genetics Laboratory, Fertility Center of CHA Gangnam Medical Center, CHA University, Republic of Korea

¢ Department of Rehabilitation Medicine, CHA Bundang Medical Center, CHA University, Republic of Korea

9 Department of Plastic and Reconstructive Surgery, CHA Bundang Medical Center, CHA University, Republic of Korea




40 weeks, 3.0kg, C/sec
Dystocia, apnea, cyanosis

Growth retardation
Wt <1%
Ht <1%
OFC <1%

Moderate MR (IQ 54)

Autism, aggressive behavior
Microcephaly,

epicanthal fold

small palpebral fissures
Hypoplastic alae nasi
Divergent starbismus
Hypoplastic helix

MRI- Subarachnoid cystin thel
eft cerebellar hemisphere and peri
medullary cistern

Medial deviation of 2" and 3" toe
s in both feet

micropenis

/10 months

IUGR,
bilateral hydronephrosis
38 weeks, 2.19kg, C/sec
11 months
Growth retardation

Wt <1%

Ht <1%

OFC <1%

Microcephaly, plagiocephaly

Round face, epicanthal fold
upslanting palpebral fissures,
wide nasal bridge,

broad nasal tip

Retinal detachment with
vitreous hemorrhage

Narrow openings of external
acoustic meatus without
intertragic notch

MRI- delayed myelination in
the brain with abnormal T2
hyperintensities or white
matter volume loss

Proximal displacement of  right3
rd and left 4t" toes

Feeding problems, residual penile
septum, hydronephrosis
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Yon et al. BMC Medical Genetics (2017) 1830

DOl 10.1186/512881-017-0394-7 BMC Medical Genetics

A sibship with duplication of Xq28
inherited from the mother; genomic
characterization and clinical outcomes

Dong Keon Yon', Ji Eun Park’, Seung Jun Kim®, Sung Han Shim™*" and Kyu Young Chae”

@ Croeshdark

A sibship, 11 and 10 years old with MR/DD and
others

Normal male karyotype
Array CGH result: 411.5kb gain
arr[GRCh38]Xg28(1530027303 153,438,781)x3

PLXNB3, SRPK3, IDH3G, SSR4, PDZD4, L1CAM, AVPR2, ARHGAP4, NAA1O,
RENBP, HCFC1, TMEM 187, MIR3202-1, MIR3202-2, IRAK1, MIR718,
MECP2, OPN1LW

MLPA: MECP2 probe mix = duplication of MECP2
and several other genes

a 7 ®
1-2 Mother
II-1 I1-2
Patient 1 Patient 2
b
I1-1 II-2
Patient 1 Patient 2
C . Adpstraieoo
24 w F.l.l-.. d* -i
s
RS SN NP ] e
0.5
* 4]




e MECP2 duplication

e Severe to profound X-linked intellectual disability

* Rett syndromic features, progressive spasticity, neonatal or infantile
hypotonia, poor speech development, recurrent respiratory infections,
epilepsy, and dysmorphic facial features such as large ears, mid-face
hypoplasia, brachycephaly, and depressed nasal bridge (Ramocki et al.,

2010)

e Xinactivation test of the mother: complete skewed of X chromosome

with duplication

undigested

Hpall digested

I-2, mother

o 330

1

|
T
g 02 3
ht 293
)
sz 314.33
ht 292

o 330

sz 302,58
ht 129

[l-2, affected son

Th 330

A

1
g7 30233
ht 1043

T 330

1
sz 30354
ht 49




Research Article

Ophthalmologica

Ophthalmologica Received: February 14, 2018

d Accepted after revision: May 9, 2018
DOI: 10.1159/000490073 Published online: July 4, 2018

Clinical and Genetic Characteristics Analysis of
Korean Patients with Stargardt Disease Using
Targeted Exome Sequencing

Youngje Sung® Seung Woo Choi¢ Sung Han Shim® Won Kyung Song?

?Department of Ophthalmology, CHA Bundang Medical Center, CHA University College of Medicine, Seongnam,
South Korea; ®Genetics Laboratory, Fertility Center of CHA Gangnam Medical Center, CHA University College of
Medicine, Seoul, South Korea; “Department of Health Sciences and Technology, Samsung Advanced Institute for
Health Sciences and Technology, Sungkyunkwan University, Suwon, South Korea

e Patients: 24 clinically diagnosed as Stargardt disease

* Targeted exome sequencing design:
39 genesincluding ABCA4, ELOVL4, PROM1
* lon Ampliseq™ target selection technology (Thermo Fisher, USA)
e Targetsize:112.72 kb, Amplicon : 958 ea

* Coverage:
ABCA4 99.7%
ELOVL4 100%
PROM1 100%



Table 2. List of mutations identified from exome sequencing of the ABCA4 gene

Patient  Gene Expn  cDNA sequence Aminp acid Diomain Mote Mutation  PolyPhen2 MutationTaster
cHE3AT p.Glu328Val extracellular loop
c 193304 p.Aspb45Asn extracellular loop
c3D6G=A p-Glul036lys  ATP-binding domain
c2AHARG p.Asn9655er extracellular loop -
c4972A5C p-Serlab8Arg - missense
P03 ABCA4 2D c3035_3037delACA  p.AsnlliZdel  ATP-binding domain novel deletion - (i
ABCAY 13 . 1804C=T p.Arga02Trp extracellular loop reported . - - -
PODE  ABCA4 19 c1974A S0 p-Thrd72Pro ATP-binding domain novel missense  probably  DC
damaging
ABCA4 43 592906 A p.Gilyl9775%er  ATP-binding domain reported - - -
POl ABCA4 10 C1268A5G p-His423Arg extracellular loop reported . - - -
ABCA4 40 565604 p-Glyl886Arg  tranamembrane domain  reported - - -
ABCA4 45 c.6l46_6146dclA p-Lys20494rg  ATP-binding domuain navel deletion benign Do
POIZ  ABCA4 10 . 1268A>G p-His423Arg extracellular loop reported - - -
ABCA4 10 . 1309C=A p-Gind37Lys extracellular loop novel misscnse  benign Do
PO1Y  ABCA4 [ c.635G=A p-Arg212His extracellular loop reported - - -
ABCA4 12 c. 169%G=A p-Val567Met extracellular loop reported - - -
P15 ABCA4 & c.635G=A p-Arg212His extracellular loop reported - E E
ABCA4 49 CBTEGET p-Ser2255lle - reported - - -
POI6E  ABCA4 5 c5A0G>A p-Argl87His extracellular loop novel missense  benign DC
ABCAY 6 CBIFG>A p.Arg212His extracellular loop reported - - -
ABCA4 10 12684505 p-Hisd23Arg extracellular loop reported - - -
POI?  ABCA4 B c.BROCT p-GlnZad* extracellular loop novel stop-gain = - DC
ABCA4 10 129404 p.Glud32Lys extracellular loop reported - - -
ABCA4 33 CAGRST=A pllel562Thr extracellular loop reported - - -
POIE  ABCA4 10 c 1268456 p-His423Arg extracellular loop reported . — - -
ABCAY 20 c3035_3037delACA p.Asnldl2e ATP-binding domain novel deletion - DC
ABCAY 47 C.6389T=A p-Met2130Lys - novel missense  probably  DC
damaging
P00  ABCA4 B c.BRDCST p-Gln294* extracellular loop novel stop-gain - DC
ABCAY 23 33T pllel 133 Thr extracellular loop novel missense  benign DC
P21 ABCA4 14 195804 p-Arg653His tunsmembrane domain - reported - - -
ABCA4 40 C 565602 A p-Glyl886Arg  transmembrane domain  reported - - -
P22 ARCA4 13 C193304 p-Aspb45Asn extracellular loop reported - - -
ABCAd 44 c.6146-6146delA p-Lys2049Arg  ATP-binding domain novel deletion benign DC
P23 ARCA4 20 c3035_3037delACA  p.Asnl020e ATP-binding domain novel deletion - DC
ABCAY 24 cAS4TGET pGlyl183Cys - reported - - -
ABCAY 46 C.6289C=T p-Pro2(75er  ATP-binding domain novel missense  probably DC
damaging
P24 ABCA4 10 126840 p.-His423Arg extracellular loop reported - - -
ABCA4 33 CATHET=C p-Leul583Pro  extracellular loop reported - - -
P26 ABCA4 16 23840 A p-Ser7a5Asn transmembrane domain - novel missense  possibly  DC
damaging
ABCA4 23 c3TOT>G p.Leul157* - novel stop-gain - e

DC, diseass causing.




Patient S-001
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C.983A>T c.1933G>A c.3106G>A
Glu328Val Asp645Asn Glul036Lys
(E328V) (D645N) (E1036K)

Read depth: 1914 Read depth: 796 Read depth: 4538
T allele (%): 26.8% A allele (%): 42.9% A allele (%): 49.6%
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C.2894A>G c.4972A>C
Asn965Ser Serl658Arg
(N965S) (S1658R)

Read depth: 1964 Read depth: 1658

G allele (%): 49.8% C allele (%): 50.8%




Patient S-001

199 A 200
iTGGCTACCCCGTGGGAGGTGGCTC

230 G 240
IGCTTCGTGGACAATTCGTIGAGTCI1

"

ABCA4 exon 8
c.983A>T (Glu328Val)

ABCA4 exon 13
¢.1933G>A (Asp645Asn)

ABCA4 exon 21
¢.3106G>A(Glu1036Lys)

Patient S-002

1350 160 170
CCTGGGCCACAATGGAGCTGGGAA
G

-~

160 > 170
CACCGTCATTAGCCAACCCCT!(

oAy

ABCA4 exon 19
c.2894A>G (Asn965Ser)

ABCA4 exon 35
c.4972A>C (Ser1658Arg)
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Maturitas

journal homepage: www.elsevier.com/locate/maturitas

Original Article N
A novel variant of NPPC causes abnormal post-translational cleavage: A e

candidate gene for premature ovarian insufficiency

Jong-Yoon Park”, Minyeon Go®, Sang Woo Lyu ® Tae Ki Yoon°, Kyung Min Kang ‘,

Ji Won Kim """, Sung Han Shim *% ™'

* Deparmment of Biomedical Science, College of Life Sctence, CHA University, Seongnam-si {3455, South Korea

b Department of Obsterrics arnd Gynecology, CHA Ferulity Center, Gangnam, CHA Universicy, Seoul 06125, South Korea
® Department of Obstemrics and GYrecolog), CHA Fertilicy Center, Seoul stadon, Seoul 04627, South Korea

2 Genercs Laboratory, CHA Fertlity Center, Gangnam, CHA Univerzity, Seoul 06125, South Korea
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-1 * Proband
e 36 vyearsold
* Hypergonadotropic hypogonadism
e FSH: >100mIU; LH: 32.5mIU; E2: 5.7pg/ml

* Small uterus, atrophic ovaries, absent antral follicles

in both ovaries




Total Variants (47182)

 Whole exome sequencing of the J\/L
prOband and her mother 1%t Filter : Pedigree based genotype (38445)
e Trusight OneSequencing Panel Consensus variants with mother
(Illumina, San Diego, CA, USA) V
* HiSeg500 sequencer (paired-end 204 Filter : Quality and froquency (29214)
2 x 150) Depth coverage > 80
S . d h d 20)( 1000G MAF < 0.01
* Sequencing reads reache < C

coverage or more in 95% of regions
in the target exome

e Alignment to human reference
assembly (GRCh37.p13)

4" Filter : Variant prioritization (1840)

non-synonymous coding variants

5t Filter : Gene Ontology (13)

POl-related gene variants




Gene Position SNP ID cDNA change Protein change 1000 G MAF KRG Prediction (Poly Genotype
Phen2 / SIFT)

DDX54 Chr12:-113596897 rs201014565 C.2434G>A p.A812T 0.00092 0.00161 B/T P(HetAlt) M(Het
DSG2 Chr18:-29126558 rs149617776 c.3209C>T p.T1070M 0.00595 0.01045 B/T A
GDF9 Chr5:-132200057 rs138136756 c.169G>T p.D57Y 0.00458 0.03376 B/T
GPAM Chr10:-113917134 NA c.1994A>G p.E665G NA 0.00046 PD/D
MDK Chr11:-46404341 NA c.449C>G p.A150G 0.00004 NA B/ NA
NOTCH1 Chr9:-139391211 rs202065858 c.6980G>A p.R2327Q 0.00092 0.00080 B/T
NPPC Chr2:-232790385 rs80022541 c.131A>G p.Q44R 0.00458 0.00402 B/D
NSD1 Chro:-1/6562115 NA C.11C>A p.14N 0.00001 NA B/ D
PNPLA8 Chr7:-108155171 NA c.764delC p.A255 framesh NA NA NA / NA
ift

PSPH Chr7:-56087300 rs75395437 C.268G>A p.G90S 0.00506 0.00804 P/D

Chr7:-56087319 rs73343757 c.249A>C p.Q83H 0.00851 0.00080 B/T
SSTR3 Chr22:-37602809 rs202051882 c.1034C>T p.P345L 0.00046 0.00482 B/T
TMF1 Chr3:-69082833 rs147346094 c.2276G>A p.R759Q 0.00366 0.01125 PD/D
TNC Chr9:-117848187 NA c.1823G>A p.R608H 0.00010 0.00080 B/T

« NPPC

e C-type natriuretic peptide (CNP)-encoding gene
* Involved in follicle growth at the preantral stage
e Prevents precocious resumption of oocyte meiosis



—ta

NPR2:HA:DsRed?

Cell Lysate Protein Secreted Protein .8
NPPC — —_—a
— ==14kDa
(aFLAG) > 0.6

GFP -

-
-4

L

GAPDH |

cMP production (pmoles / pg protein)

0.2
v & LS v S LS
i@o 8\2“6}0 o:‘scj @:&&0 N.A N.A
{ Y 8 AL A
SIS S 0
HEe Ak
b S W3
= EE,. = E:
Z & Z &
= =
Z. Z

The mutation of NPPC leads to abnormal peptide cleavage, resulting

in a decrease in cGMP levels and meiotic resumption, it could induce
an exhaustion of follicular reserve or failure of follicular development.




Hindawi

Stem Cells International

Volume 2021, Article ID 5575185, 8 pages
https://doi.org/10.1155/2021/5575185

Hindawi

Research Article

Changes in Methylation Patterns of Tumor Suppressor
Genes during Extended Human Embryonic Stem Cell Cultures

Kyung Min Kang",' Jeoung Eun Lee,” Ji Eun Park,' Hyunjin Kim,' Hee Yeon Jang,'
Minyeon Go,"” Dong Ryul Lee,’ and Sung Han Shim *
'Center for Genome Diagnostics, CHA Biotech Inc., Seoul 06135, Republic of Korea

*CHA Advanced Research Institute, CHA University, Seongnam, Gyunggi-do 13488, Republic of Korea
*Department of Biomedical Science, College of Life Science, CHA University, Seongnam 13488, Republic of Korea

e 10 hESc lines
* CpG island methylation levels of 24 tumor suppressor genes were analyzed

* Methylation specific MLPA, pyrosequencing, real-time PCR
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(c)

MS-MLPA Pyrosequencing

Methylation level of the three genes (CASP8, FHIT, CHFR) between early passage
and late passage of 10 cell lines using MS-MLPA and pyrosequencing.
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b) c)

Expression level of the three genes between early passage and late passage of 10 cell lines
using real-time PCR analysis. Expression ratio of the CASP8 gene (a), FHIT gene (b),
and CHFR gene in iPS (FS)-1 cell (c).








