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Figure 2. Clinical Phenotypes of the Global Developmental Delay Cohort.
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NHOM BENH DI TRUYEN TAN SUAT U'OC TiNH

Bat thworng s6 lwong NST Nussbaum et al., 2021; ACOG, 2016

- Down (Trisomy 21) - Down: 1/700

- Edwards (Trisomy 18) - Trisomy 18: 1/6.000-8.000

- Patau (Trisomy 13) - Trisomy 13: 1/10.000-16.000

- Turner (45,X), Klinefelter (47 ,XXY) - Bat thwong gidi tinh: 1/400-500
Bat thwong cau truc NST Miller et al., 2010

- 22g11.2 deletion (DiGeorge) - DiGeorge: 1/4.000

- 7911.23 deletion (Williams) - Williams: 1/7.500-10.000

- Chuyén doan, dao doan - Tong cbng ~1/375 tré so sinh
Bénh do'n gen (Monogenic) Toéng cdng: 1-3% tré so sinh Boycott et al., 2019
- Phenylketon niéu (PKU) - PKU: 1/10.000-15.000

- Teo co tuy (SMA) - SMA: 1/6.000-10.000

- Duchenne - Duchenne: 1/3.500 nam

- Achondroplasia - Achondroplasia: 1/15.000—40.000
Bénh da gen & yéu td phirc tap Pierpont et al., 2018

- Tim bAm sinh (CHD), H& ham &ch, ché détsbng  15-20% CHD c6 bat thwong di truyen

Bénh ti thé (Mitochondrial disorders) Gorman etal, 2015
- Leigh syndrome, MELAS ~1/4.300 tré so sinh



VAI TRO CUA CHAN DOAN DI TRUYEN

Tién lwong diéu tri

Quyét dinh diéu trj

Kha nang tai phat

Hwé&ng xur tri

Quan ly cham séc
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KARYOTYPE
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TIEU CHi
Co’ ché
TG _ Chi phi
Dir liéu
Kha nang phat hién
Phan giai
Phan loai

ng dung

ARRAY VS NGS

ARRAY
Lai DNA I&n chip c6 san
Nhanh — thap hon

CNV, SNP da biét, xoa—Ilap doan

CNV: tét
SNV/ InDel: chi SNP da biét

Vira:Kb,Mb
Khéng phat hién bién thé nhé

SNP array, CGH array, microarray

Han ché: bénh hiém, dot bién maoi

NGS
Giai trinh tw sé lvong Ién DNA
Cham —cao hon
SNV, CNV, InDel, chuyén doan
Cac doét bién moi, can phan tich sau

Bp, dét bién 1 Nu
X ly di¥ liéu phtrc tap, V lon

WGS, WES, targeted, RNA-seq

Uu diém: bénh hiém, K, don gen




CHROMOSOMAL MICROARRAY (CMA)

Review > Am J Hum Genet. 2010 May 14;86(5):749-64. doi: 10.1016/j.ajhg.2010.04.006.

Consensus statement: chromosomal microarray is a
first-tier clinical diagnostic test for individuals with
developmental disabilities or congenital anomalies

David T Miller 7, Margaret P Adam, Swaroop Aradhya, Leslie G Biesecker, Arthur R Brothman,
Nigel P Carter, Deanna M Church, John A Crolla, Evan E Eichler, Charles J Epstein,

W Andrew Faucett, Lars Feuk, Jan M Friedman, Ada Hamosh, Laird Jackson, Erin B Kaminsky,
Klaas Kok, lan D Krantz, Robert M Kuhn, Charles Lee, James M Ostell, Carla Rosenberg,
Stephen W Scherer, Nancy B Spinner, Dimitri J Stavropoulos, James H Tepperberg,

Erik C Thorland, Joris R Vermeesch, Darrel J Waggoner, Michael S Watson, Christa Lese Martin,
David H Ledbetter

Affiliations + expand
PMID: 20466091 PMCID: PMC2869000 DOI: 10.1016/j.ajhg.2010.04.006
> J Med Genet. 2023 Jun;60(6):523-532. doi: 10.1136/jmg-2022-108962. Epub 2023 Feb 23

Genetic and metabolic investigations for
neurodevelopmental disorders: position statement
of the Canadian College of Medical Geneticists
(CCMG)

Melissa T Carter 1, Myriam Srour 2 3, Ping-Yee Billie Au 4, Daniela Buhas ® €, Sarah Dyack 7 8,
Alison Eaton @ 19, Michal Inbar-Feigenberg 1!, Heather Howley 2, Anne Kawamura 13 14 15 16
Suzanne M E Lewis 17, Elizabeth McCready '® 9, Tanya N Nelson 29, Hilary Vallance 29;
Canadian College of Medical Geneticists

Affiliations + expand
PMID: 36822643 PMCID: PMC10313961 DOI: 10.1136/jmg-2022-108962

Individual with unexplained NDD
presenting for diagnostic investigations

First tier testi + Biochemical scroening and refer to + Biochemical screening and refer to + Refer to Genetics i syndromic
er testing
it Metabolics if suspected inherited Metabolicsfsuspected inherted features (see Table 1)
spacialist metabolic disease (see Table 3 for metabolic disease (see Table 3) * Biochemical screening and refer
suggested investigations) to Metabolics if suspected
* Refer to Genetics if syndromic inherited metabolic disease (see
+ Refer to Genetics for consideration of features (see Table 1) o if abnormal Table 3)
second tier testing first tier tests
Second tier testing Exome sequencing or multigene panel Exome sequencing or multigene Exome sequencing or multigene

Cinkal geneticistor Metabolic
physidan

ASD without Other NDDs
GDD or ID (+/- ASD) eoon hih s s

+ Chromosomal microarray
+ Fragile X testing if suggestive features

(see Table 2)

+ Chromosomal microarray
+ Fragile X testing f suggestive

features (see Table 2)

[ Noinvestigations recommended

unless:

panel if syndromic features

panel if syndromic features

ACMG 2010, Consensus: CMA first-tier

« XN dau tién: tré cham phat trién (DD/ID), tw ky, DTBS.
» Ti I& chan doan: 15-20% ( Karyotype binh thwdng)
« Karyotype: chuyén doan can bang, STLT, Down

CCMG 2023, CMA first-tier (DD/ID), tw ky

DY
LAY i

* Fragile X, RLCH: |lam sang, tién st gia dinh



NEXT-GENERATION SEQUENCING (NGS)

« GS exons and introns (noncoding regions): khao sat 98% bd gen
« ES exons (protein-coding regions): 1% — 2% b6 gen
: nguyén nhan cda hau hét cac bénh ly di truyén

* Panel: nhom gen bénh ly



NEXT-GENERATION SEQUENCING (NGS)

ACMG 2021, ES/GS: A FIRST- OR SECOND-TIER TEST FOR CA/DDI/ID

> Genet Med. 2019 Jan;21(1):3-16. doi: 10.1038/s41436-018-0024-6. Epub 2018 May 14.

Clinical Application of Genome and Exome
Sequencing as a Diagnostic Tool for Pediatric
Patients: a Scoping Review of the Literature

Hadley Stevens Smith ', J Michael Swint 2, Seema R Lalani 3, Jose-Miguel Yamal 4,
Marcia C de Oliveira Otto 4, Stephan Castellanos 8, Amy Taylor €, Brendan H Lee 7,
Heidi V Russell &

> Genet Med. 2021 Nov;23(11):2029-2037. doi: 10.1038/s41436-021-01242-6. Epub 2021 Jul 1

Exome and genome sequencing for pediatric patients
with congenital anomalies or intellectual disability:
an evidence-based clinical guideline of the American
College of Medical Genetics and Genomics (ACMG)

Kandamurugu Manickam * 2, Monica R McClain 3, Laurie A Demmer #, Sawona Biswas ®
Hutton M Kearney 6‘ Jennifer Malinowski 7, Lauren J Massingham 8 9 panny Miller 10,
Timothy W Yu 1" 2, Fuki M Hisama 3; ACMG Board of Directors

Affiliations + expand
PMID: 34211152 DOI: 10.1038/s41436-021-01242-6

Ti I& chan doan: 36% (dao déng tlr 25% — 41%)
VUS: 9% — 57%

XN tré + cha me: tang ti 1& chan doan va giam VUS



, kt'r QuA ARRAY TAI BV TU' DU

01.10.2024 - 30.09.2025

Bat thwong NST thwong: 142

« NST 13: 15 NST 18: 19
* NST 2: 3

NST 21: 90
NST 15: 3

NST 16: 10

NST 14: 1 NST 22: 1

Bat thwong NST gidi tinh: 31

« XO: 17 XXX: 6 XXY: 3 XYY: 5

Vi lap, xoa doan CNV: 246

« C4,5: 57 VUS: 189 Trio: 54 (27)  135/2467

a

Failed: 12

TONG SO ARRAY: 2840

- B4t thwdng/ Binh thwdng: 419/ 2409

« Tilé chan doan: 15%
(419/2840)
« VUS: 55% (135/246)

. Bat thworng s lwong
NST: 41% (173/419)



Stillbirth

Normal anatomy

Indication for
prenatal diagnostic
testing

Fetal anomaly

Karyotype or CMA

Structural anomalies not
suggestive of common [
aneuploidy

US findings
concerning for Karyotype
common aneuploidy

An overview of current prenatal genetic screening and diagnosis guidelines

Pregnancy, Volume: 1, Issue: 3, First published: 10 April 2025, DOI: (10.1002/pmf2.70016)

<

Normal

Abnormal

Consider exome or
genome sequencing




CHAN DOAN TIEN SAN ARRAY _NGS?

ACOG/ SMFM (2016) Committee Opinion N.682/ACMG: ARRAY
* Chon lya dau tién khi thai cé 1 hodc nhiéu bat thuwong siéu am
* XN thai luu (phat hién bat thuong, khong can nubi cay)

* VUS : 1%—3%, xn cha me (di truyén / de novo)

* >1/2 thai ky cé bat thwong hinh thai: xn Karyotype / CMA: 1
GUIDELINES PUBLISHED BY ACMG IN 2020 AND ISPD IN 2022 (SMFM): WES / WGS
CHi DINH THAI CO BAT THU'ONG HINH THAI SAU KARYOTYPE / CMA AM TiNH



SANG LOC ROI LOAN CHUYEN HOA

) A a
jzh-Performance Liquid Chromatography Gas Chromatography

5;_ > [ Pump
L] Solvent

*|_Injector
7 - Injector
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column |

| [ Chromatogram

v
Carvier
\ gas Oven

1950 — 1980
Sinh hoa: sac ky,

enzyme — mau
PKU, Galactosemia

<uplonic acaaemia (FrRU¥)
2. Methylmalonic acidemia (mutase
deficiency)(MUT)
3. Methylmalonic acidemia (Cbl A,B)
4. Isovaleric acidaemia (IVA)

L. ivietnyimaionic aciaemia witn NOmMocCystin.
2. Malonic acidemia

3. Isobutyrylglycinuria

4. 2-Methylbutyrylglycinuria

5. 3-Methylglutaconic aciduria

5. 3-Methylcrotonyl-CoA carboxylase 6. 2-Methyl-3-hydroxybutyric aciduria
deficiency (3MCC) 7. Short-chain acyl-CoA dehydrogenase

6. 3-hydroxy 3-methyl glutaric aciduria deficiency

(HMG) 8. Medium/short-chain L-3-hydroxyacl-CoA
7. Multiple carboxylase deficiency (MCD) dehydrogenase deficiency

8. B-Ketothiolase deficiency (RKT) 9. Glutaric aciduria type Il

9. Glutaric aciduria type | (GA1) 10. Medium-chain ketoacyl-CoA thiolase
10. Carnitine uptake defect (CUD) deficiency

11. Medium-chain acyl-CoA dehydrogenase 11. 2,4 Dienoyl-CoA reductase deficiency*
deficiency (MCAD) e PRI - - .
12. Very long-ch,
dehydrogenase
13. Long-chain L
dehydrogenase
14. Trifunctiona 1 990 - 20 1 O
15. Argininosuct

16. Citrullinemi;
‘7. Maple syrup

B=E |Khéi phd: MS/MS,
GC/MS, LC-MS/MS

20 — 60 IEMs

Int J Neonatal Screen. 2022 Jul 18;8(3):41. doi:
The Progress and Future of US Newborn Screening.

enotypic assessment through
lients' history and available exams
cessity of NGS-based genetic testing

¥ Electronic
¥ Role of ar
¥ Genetic ¢
¥ Clinical d¢

¥ Variant filtering and annotation
v Reliability of public variant database
v Improvement of clinical guidance

v Incidental findings

2008 — nay
NGS: Panel, WES,

WGS

> 1000 IEMs (100-
1000 gens)


https://doi.org/10.3390/ijns8030041
https://pubmed.ncbi.nlm.nih.gov/?term=%22Watson%20MS%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Lloyd-Puryear%20MA%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Howell%20RR%22%5BAuthor%5D

SANG LOC SO SINH NGS?

Article Open access Published: 09 October 2025

Feasibility, acceptability and clinical outcomes of the
BabyScreen+ genomic newborn screening study

Sebastian Lunke, Lilian Downie, Jade Caruana, Nathasha Kugenthiran, Paul De Fazio, Sebastian

Hollizeck, Sophie E. Bouffler, David J. Amor, Alison D. Archibald, Yvonne Bombard, John Christodoulou,

Marc Clausen, Wendy Fagan, Clara Gaff, Ronda F. Greaves, Christopher Gyngell, Anaita Kanga-Parabia,

Nitzan Lang, Crystle Lee, Fiona Lynch, Anthony Marty, Melanie Marty, Candice McGregor, Jessica

Riseley, ... Zornitza Stark & 4+ Show authors

Lunke, S., Downie, L., Caruana, J. et al. Feasibility, acceptability and clinical outcomes of

the BabyScreen+ genomic newborn screening study. Nat Med (2025).
Nature Medicine (2025) | Cite this article https://doi.org/10.1038/s41591-025-03986-2

Multicenter Study > Pediatr Crit Care Med. 2024 Aug 1;25(8):699-709.
doi: 10.1097/PCC.0000000000003522. Epub 2024 Apr 26.

Rapid Whole-Genome Sequencing and Clinical
Management in the PICU: A Multicenter Cohort,
2016_2023

Katherine M Rodriguez ' 2 3, Jordan Vaught ' 2, Lisa Salz 3, Jennifer Foley 1, Zaineb Boulil 1,
Heather M Van Dongen-Trimmer 4, Drewann Whalen %, Okonkwo Oluchukwu 5 €,

Kuang Chuen Liu 8 €, Jennifer Burton ® €, Prachi Syngal 5 ¢, Ofelia Vargas-Shiraishi 7,
Stephen F Kingsmore 2, Erica Sanford Kobayashi 8 4 7, Nicole G Coufal 1 2 3

Affiliations + expand
PMID: 38668387 PMCID: PMC11300160 DOI: 10.1097/PCC.0000000000003522

NC doan hé tién ctvu: giai trinh tw toan bd gen
(WGS): 1.000 tré so’ sinh (mau got chan)

Phan tich 605 gen (bénh ly nghiém trong, khéi
phat sém va co6 thé dieu tri dworc)

Phat hién 16/1000 c6 dét bien. 1 trwérng hop
bénh mién dich can diéu tri tich cwec.

Ty & chan doan 1a 59%
: bat thwérng hinh thai va DTBS tim
79 bd gen chan doan, 107 bién thé bao céo.

51/107 bién thé 1a VUS
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