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Figure S1. Proportion of initial positive biochemical screening samples from NICU and non-NICU newborns. Abbreviation: NICU, Neonatal Intensive Care Unit
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Figure S2. Comparison of sensitivity (A), specificity (B), and PPV (C) between multiplex PCR-NGS, target capture-NGS, and biochemical screening in congenital hypothyroidism screening. Abbreviations: NBS-Bio,Neonatal Biochemical Screening; M-NGS, Multiplex PCR-NGS; T-NGS, Target Capture-NGS
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Figure S3. Comparison of genetic and biochemical newborn screening. (A); Comparison of multiplex PCR-NGS screening and biochemical screening (n=1810); (B) Comparison of target capture-NGS screening and biochemical screening (n=1810). 1, Homozygote; 2, Compound heterozygous; 3, Female
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Figure S4. Comparison of G6PD Enzyme Activity Among Patients, Female Carriers, and Healthy Controls. ***, P < 0.001. Abbreviations: G6PDd: Glucose-6-phosphate dehydrogenase.


Table S1. The genetic metabolic disorders currently detectable by newborn biochemical screening at our center
	Disease Name
	Category
	Detection method

	Phenylketonuria(PKU)
	Amino acid metabolism disorders
	Ultra-high-performance liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS).

	Tetrahydrobiopterin Deficiency
	
	

	Maple syrup urine disease (MSUD)
	
	

	Hyperprolinemia type 1
	
	

	Homocysteinemia (HCY)
	
	

	Tyrosinemia I/II/III type
	
	

	Non-ketotic hyperglycinemia (NKH)
	
	

	Hypermethioninemia
	
	

	
	
	

	Citrullinemia Type I
	Urea cycle disorders
	

	Citrin Deficiency
	
	

	Argininosuccinic Aciduria
	
	

	Argininemia
	
	

	Ornithine Aminotransferase Deficiency
	
	

	Hyperornithinemia
	
	

	Carbamoyl Phosphate Synthetase I Deficiency,
	
	

	Hyperornithinemia-Hyperammonemia-Homocitrullinuria Syndrome
	
	

	
	
	

	Methylmalonic acidemia (MMA)
	Organic acid metabolism disorders
	

	Propionic acidemia (PA)
	
	

	Isovaleric acidemia (IVA)
	
	

	2-methylbutyrylglycinemia
	
	

	GlutaricAcidemia I (GA-1)
	
	

	3-methylcrotonyl-coenzyme A carboxylase deficiency(MCCD)
	
	

	3-hydroxy-3-methylglutaryl-coenzyme Alyase deficiency(HMGCL)
	
	

	3-methylpentolenoacidemia type I
	
	

	Biotinase deficiency (BTDD)
	
	

	Holocarboxylase synthase deficiency (HCS)
	
	

	Malonyl-coenzyme A decarboxylase deficiency
	
	

	β-ketothiolase deficiency
	
	

	
	Fatty acid β-oxidation disorders
	

	Primary carnitine deficiency (PCD)
	
	

	Carnitine palmitoyltransferase deficiency (CPT) I/II type
	
	

	Carnitine-acylcarnitine translocase deficiency (CACT)
	
	

	Isobutyryl-coenzyme A dehydrogenase deficiency
	
	

	Short-chain acyl-CoA dehydrogenase deficiency (SCADD)
	
	

	Medium chain acyl-CoA dehydrogenase deficiency (MCAD)
	
	

	Very long chain acyl-CoA dehydrogenase deficiency(VLCADD)
	
	

	Long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency(LCHAD)
	
	

	Trifunctional protein deficiency (TFPD)
	
	

	Congenital Adrenal Hyperplasia
	Steroid metabolism disorders
	Enzyme-linked immunosorbent assay (ELISA)

	Congenital Hypothyroidism
	Endocrine disorders
	Fluorescence immunoassay (FIA)

	Glucose-6-Phosphate Dehydrogenase Deficiency
	Erythrocyte metabolic disorders
	Quantitative ratio method




Table S2. Diseases and genes in panel 1
	Category
	Disease
	Gene
	Mode of Inheritance

	Amino acid metabolism disorders
	Maple syrup urine disease (MSUD)
	BCKDHA
	AR

	
	
	BCKDHB
	AR

	
	
	DBT
	AR

	
	
	DLDa
	AR

	
	Tyrosinemia
	FAH
	AR

	
	
	TAT
	AR

	
	
	HPD
	AR

	
	Hyperphenylalaninemia (HPA)
	PAH
	AR

	
	
	PTS
	AR

	
	
	QDPR
	AR

	
	
	PCBD1a
	AR

	
	
	GCH1a
	AR

	
	
	SPRa
	AR

	
	Homocysteinemia (HCY)
	CBS
	AR

	
	
	MTHFR
	AR

	
	
	MTRRa
	AR

	
	
	MTRa
	AR

	
	Non-ketotic hyperglycinemia (NKH)
	GLDC
	AR

	
	Hypermethioninemia
	MAT1A
	AR/AD

	Urea cycle disorders
	Argininemia
	ARG1
	AR

	
	Argininosuccinic aciduria (ASA)
	ASL
	AR

	
	Carbamoyl phosphate synthetase I deficiency
	CPS1
	AR

	
	N-acetylglutamine synthetase deficiency
	NAGSa
	AR

	
	Ornithine transcarbamylase deficiency (OTCD)
	OTC
	XLR

	
	Citrullinemia type I
	ASS1
	AR

	
	Citrin deficiency
	SLC25A13
	AR

	
	Hyperornithinemia-hyperammonemia-homocitrullinuria syndrome (HHHS)
	SLC25A15
	AR

	
	Ornithine aminotransferase deficiency
	OATa
	AR

	Organic acid metabolism disorders
	Methylmalonic acidemia (MMA)
	MMAA
	AR

	
	
	MMAB
	AR

	
	
	MMACHC
	AR

	
	
	MMUT
	AR

	
	
	MMADHCa
	AR

	
	
	LMBRD1a
	AR

	
	
	ABCD4a
	AR

	
	
	HCFC1a
	XLR

	
	Propionic acidemia (PA)
	PCCA
	AR

	
	
	PCCB
	AR

	
	Glutaric Acidemia I (GA-1)
	GCDH
	AR

	
	Holocarboxylase synthase deficiency (HCS)
	HLCS
	AR

	
	Biotinase deficiency (BTDD)
	BTD
	AR

	
	3-hydroxy-3-methylglutaryl-coenzyme A lyase deficiency (HMGCL)
	HMGCL
	AR

	
	
	HMGCS2a
	AR

	
	Isovaleric acidemia (IVA)
	IVD
	AR

	
	3-methylcrotonyl-coenzyme A carboxylase deficiency (MCCD)
	MCCC1
	AR

	
	
	MCCC2
	AR

	
	Malonyl-coenzyme A decarboxylase deficiency
	MLYCD
	AR

	
	3-methylpentolenoacidemia type I
	AUH
	AR

	
	Ethylmalonic acid encephalopathy
	ETHE1a
	AR

	
	2-methylbutyrylglycinemia
	ACADSB
	AR

	
	Isobutyryl-coenzyme A dehydrogenase deficiency
	ACAD8
	AR

	
	β-ketothiolase deficiency
	ACAT1
	AR

	Fatty acid β oxidation
disorders
	Very long chain acyl-CoA dehydrogenase
 deficiency (VLCADD)
	ACADVL
	AR

	
	Long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency (LCHAD)
	HADHA
	AR

	
	Trifunctional protein deficiency (TFPD)
	HADHA
	AR

	
	
	HADHB
	AR

	
	Short-chain 3-hydroxyacyl-CoA dehydrogenase deficiency (SCHADD)
	HADHa
	AR

	
	Medium chain acyl-CoA dehydrogenase deficiency (MCAD)
	ACADM
	AR

	
	Short-chain acyl-CoA dehydrogenase deficiency (SCADD)
	ACADS
	AR

	
	Glutaric acidemia type II (GA-2)
	ETFDH
	AR

	
	
	ETFAa
	AR

	
	
	ETFBa
	AR

	
	Primary carnitine deficiency (PCD)
	SLC22A5
	AR

	
	Carnitine palmitoyltransferase deficiency
(CPT)
	CPT1A
	AR

	
	
	CPT2
	AR

	
	Carnitine-acylcarnitine translocase deficiency
(CACT)
	SLC25A20
	AR

	Carbohydrate metabolism disorders
	Glycogen storage disease (GSD)
	G6PC
	AR

	
	Galactosemia
	SLC37A4
	AR

	
	
	GAA
	AR

	
	
	AGL
	AR

	
	
	GALK1
	AR

	
	
	GALT
	AR

	
	
	GALE
	AR

	
	hereditary fructose intolerance (HFI)
	ALDOB a
	AR

	Lipid metabolism disorders
	Sitosterolemia
	ABCG8
	AR

	
	
	ABCG5
	AR

	Peroxisomal disorder
	X-linked adrenoleukodystrophy (X-ALD)
	ABCD1 a
	XLR

	Lysosomal storage diseases
	Mucopolysaccharidosis (MPS)
	IDUA
	AR

	
	
	IDS
	XLR

	
	
	NAGLU
	AR

	
	
	GALNS
	AR

	
	Krabbe disease
	GALC
	AR

	
	Gaucher disease
	GBA a
	AR

	
	Fabry disease
	GLA
	XLD

	
	Niemann-Pick disease
	SMPD1
	AR

	
	
	NPC1
	AR

	
	
	NPC2
	AR

	Mitochondrial disease
	Mitochondrial encephalomyopathy with lactate acidosis and stroke-like episodes (MELAS)
	MT-TL1
	Mi

	
	
	MT-ND5
	Mi

	Hematological system
diseases
	β-thalassemia
	HBB
	AR

	
	Hemophilia B
	F9 a
	XLR

	
	Glucose-6-phosphate dehydrogenase deficiency
	G6PD
	XLD

	Skeletal system diseases
	Growth hormone deficiency (GHD)
	GH1 a
	AR

	
	
	GHRHRa
	AR

	
	Vitamin D dependent rickets
	CYP27B1 a
	AR

	
	
	VDRa
	AR

	
	X-linked dominant hereditary hypophosphatemic rickets
	PHEX
	XLD

	
	Cartilage-Hair Hypoplasia
	RMRP
	AR

	Neuromuscular disease
	Spinal muscular atrophy
	SMN1
	AR

	Endocrine disease
	Congenital hypothyroidism (CH)
	DUOXA2
	AR

	
	
	DUOX2
	AR

	
	
	TSHR
	AR

	
	
	PAX8 a
	AD

	
	
	THRA a
	AD

	
	
	THRB a
	AD

	
	
	TSHB a
	AR

	
	
	TG a
	AR

	
	
	TPOa
	AR

	Intrahepatic cholestasis
	Crigler-Najjar syndrome
	UGT1A1a
	AR

	
	Progressive Familial Intrahepatic Cholestasis
	ATP8B1
	AR

	
	
	ABCB11
	AR

	Hearing disorder
	Hereditary non-syndromic deafness
	SLC26A4
	AR

	
	
	GJB2
	AR

	
	
	GJB3
	AD

	
	Mitochondrial non-syndromic sensorineural hearing loss (mNSSNHL)
	MT-RNR1
	Mi

	
	
	MT-THa
	Mi

	Immunodeficiency disease
	Wiskott-Aldrich syndrome
	WAS
	XLR

	
	X-linked chronic granulomatous disease
	CYBB
	XLR

	
	X-linked angammaglobulinemia
	BTK
	XLR

	
	Severe combined immunodeficiency (SCID)
	IL2RG
	XLR

	
	
	RAG1
	AR

	
	
	ADA a
	AR

	
	
	IL7R a
	AR

	
	
	JAK3 a
	AR

	
	
	RAG2 a
	AR

	
	
	BCL11B a
	AD

	
	Autoimmune enteropathy
	FOXP3 a
	XLR

	Other metabolic related
diseases
	Bile Acid Synthesis Defect (BASD)
	HSD3B7
	AR

	
	Hepatolenticular degeneration (HLD)
Dihydropyrimidine dehydrogenase deficiency
	ATP7B
	AR

	
	
	DPYD a
	AR

	
	Purine drugs toxicity
	TPMT a
	AR

	
	
	NUDT15 a
	AD

	
	Congenital glycosylation disorder
	PMM2 a
	AR

	Hereditary cancer related diseases
	Retinoblastoma
	RB1
	AD

	
	Nephroblastoma
	WT1 a
	AD


a, genes designed only in panel 1, others are designed commonly in panel 1 and panel 2.
Abbreviations: AD,autosomal dominant inheritance; AR,autosomal recessive inheritance;XLD, x-linked dominant inheritance; XLR,x-linked recessive inheritance; Mi:Mitochondrial Inheritance



Table S3. Diseases and genes in panel 2
	Category
	Disease
	Gene
	Mode of Inheritance

	Amino acid metabolism disorders
	Maple syrup urine disease (MSUD)
	BCKDHA
	AR

	
	
	BCKDHB
	AR

	
	
	DBT
	AR

	
	Tyrosinemia
	FAH
	AR

	
	
	TAT
	AR

	
	
	HPD
	AR

	
	Hyperphenylalaninemia (HPA)
	PAH
	AR

	
	
	PTS
	AR

	
	
	QDPR
	AR

	
	Homocysteinemia (HCY)
	CBS
	AR

	
	
	MTHFR
	AR

	
	Non-ketotic hyperglycinemia (NKH)
	GLDC
	AR

	
	
	AMT a
	AR

	
	Hypermethioninemia
	MAT1A
	AR/AD

	
	Hyperprolinemia type 1
	PRODHa
	AR

	
	Argininemia
	ARG1
	AR

	
	Argininosuccinic aciduria (ASA)
	ASL
	AR

	
	Carbamoyl phosphate synthetase I deficiency
	CPS1
	AR

	
	Ornithine transcarbamylase deficiency (OTCD)
	OTC
	XLR

	
	Citrullinemia type I
	ASS1
	AR

	
	Citrin deficiency
	SLC25A13
	AR

	
	Hyperornithinemia-hyperammonemia-homocitrullinuria syndrome (HHHS)
	SLC25A15
	AR

	
	Methylmalonic acidemia (MMA)
	MMAA
	AR

	
	
	MMAB
	AR

	
	
	MMACHC
	AR

	
	
	MMUT
	AR

	
	Propionic acidemia (PA)
	PCCA
	AR

	
	
	PCCB
	AR

	
	Glutaric Acidemia I (GA-1)
	GCDH
	AR

	
	Holocarboxylase synthase deficiency (HCS)
	HLCS
	AR

	
	Biotinase deficiency (BTDD)
	BTD
	AR

	
	3-hydroxy-3-methylglutaryl-coenzyme A lyase deficiency (HMGCL)
	HMGCL
	AR

	
	Isovaleric acidemia (IVA)
	IVD
	AR

	
	3-methylcrotonyl-coenzyme A carboxylase deficiency (MCCD)
	MCCC1
	AR

	
	
	MCCC2
	AR

	
	Malonyl-coenzyme A decarboxylase deficiency
	MLYCD
	AR

	
	3-methylpentolenoacidemia type I
	AUH
	AR

	
	2-methylbutyrylglycinemia
	ACADSB
	AR

	
	Isobutyryl-coenzyme A dehydrogenase deficiency
	ACAD8
	AR

	
	β-ketothiolase deficiency
	ACAT1
	AR

	
	Succinate hemialdehyde dehydrogenase deficiency (SSADHD)
	ALDH5A1 a
	AR

	
	Very long chain acyl-CoA dehydrogenase deficiency (VLCADD)
	ACADVL
	AR

	
	Long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency (LCHAD)
	HADHA
	AR

	
	Trifunctional protein deficiency (TFPD)
	HADHA
HADHB
	AR
 AR

	
	Medium chain acyl-CoA dehydrogenase deficiency (MCAD)
	ACADM
	AR

	
	Short-chain acyl-CoA dehydrogenase deficiency (SCADD)
	ACADS
	AR

	
	Glutaric acidemia type II (GA-2)
	ETFDH
	AR

	
	Primary carnitine deficiency (PCD)
	SLC22A5
	AR

	
	Carnitine  palmitoyltransferase  deficiency
(CPT)
	CPT1A
	AR

	
	
	CPT2
	AR

	
	Carnitine-acylcarnitine translocase deficiency
(CACT)
	SLC25A20
	AR

	
	2,4-Dienoyl-CoA reductase deficiency
	NADK2 a
	

	Carbohydrate metabolism disorders
	Glycogen storage disease (GSD)
	G6PC
	AR

	
	
	SLC37A4
	AR

	
	
	GAA
	AR

	
	
	AGL
	AR

	
	
	GBE1 a
	AR

	
	
	PYGMa
	AR

	
	
	PYGL
	AR

	
	
	PHKA2 a
	AR

	
	
	PHKB a
	AR

	
	
	PHKG2 a
	AR

	
	
	PHKA1 a
	AR

	
	
	PGM1 a
	AR

	
	Galactosemia
	GALK1
	AR

	
	
	GALT
	AR

	
	
	GALE
	AR

	
	Sitosterolemia
	ABCG8
	AR

	
	
	ABCG5
	AR

	
	Familial hypercholesterolemia type 1 (FH)
	LDLRa
	AD

	
	Mucopolysaccharidosis (MPS)
	IDUA
	AR

	
	
	IDS
	XLR

	
	
	SGSHa
	AR

	
	
	NAGLU
	AR

	
	
	GALNS
	AR

	
	
	GLB1 a
	AR

	
	
	ARSBa
	AR

	
	Krabbe disease
	GUSBa
	AR

	
	Fabry disease
	GALC
	AR

	
	Niemann-Pick disease
	GLA
	XLD

	
	
	SMPD1
	AR

	
	
	NPC1
	AR

	
	
	NPC2
	AR

	Mitochondrial disease
	Mitochondrial encephalomyopathy with lactate acidosis and stroke-like episodes (MELAS)
	MT-TL1
	Mi

	
	
	MT-ND5
	Mi

	Hematological system diseases
	α-thalassemia
	HBA1/HBA2a
	AR

	
	
	HBA1 a
	AR

	
	
	HBA2 a
	AR

	
	β-thalassemia
	HBB
	AR

	
	Diamond-Blackfan anemia
	RPS19 a
	AD

	
	
	RPL11 a
	AD

	
	
	RPS26 a
	AD

	
	Fanconi anemia complementary group A
	FANCAa
	AR

	
	Familial Hemophagocytic Lymphohistiocytosis(FHL)
	PRF1a
	AR

	
	
	UNC13Da
	AR

	
	Glucose-6-phosphate dehydrogenase deficiency
	G6PD
	XLD

	Skeletal system diseases
	X-linked dominant hereditary hypophosphatemic rickets
	PHEX
	XLD

	
	Cartilage-Hair Hypoplasia
	RMRP
	AR

	Neuromuscular disease
	Spinal muscular atrophy
	SMN1
	AR

	
	Pyridoxine-dependent epilepsy (PDE)
	ALDH7A1 a
	AR

	
	Hereditary spastic paraplegia (HSP)
	REEP1 a
	AD

	
	
	ATL1 a
	AD

	
	
	SPASTa
	AD

	
	
	SPG11 a
	AD

	
	Congenital myotonia
	CLCN1 a
	AD

	
	Duchenne muscular dystrophy (DMD)
	DMDa
	XLR

	
	Tyrosine hydroxylase deficiency (THD)
	TH a
	AR

	
	Glucose transporter 1 deficiency syndrome
(GLUT1-DS)
	SLC2A1 a
	AD

	
	Ohtahara syndrome
	SCN1A a
	AD

	
	
	PCHD19 a
	AD

	Endocrine disease
	Congenital hypothyroidism (CH)
	DUOXA2
	AR

	
	
	DUOX2
	AR

	
	
	TSHR
	AR

	
	Congenital adrenal hyperplasia (CAH)
	CYP11B1 a
	AR

	
	
	CYP17A1 a
	AR

	
	Kallmann syndrome (KS)
	ANOS1 a
	XLR

	
	
	FGFR1 a
	AD

	
	
	PROKR2 a
	AR/AD

	
	
	CHD7 a
	AD

	
	X-linked adrenal hypoplasia congenit (X-AHC)
	NR0B1 a
	XLR

	
	Combined pituitary hormone deficiency type 2
	PROP1 a
	AR

	
	Permanent neonatal diabetes mellitus
	KCNJ11 a
	AD

	
	
	ABCC8 a
	AD

	Intrahepatic cholestasis
	Progressive Familial Intrahepatic Cholestasis
	ATP8B1
	AR

	
	
	ABCB11
	AR

	
	
	ABCB4 a
	AR

	Hearing disorder
	Hereditary non-syndromic deafness
	SLC26A4
	AR

	
	
	GJB2
	AR

	
	
	GJB3
	AD

	
	
	MYO15A a
	AR

	
	
	TMC1 a
	AR

	
	
	TMPRSS3 a
	AR

	
	
	OTOF a
	AR

	
	
	CDH23 a
	AR

	
	Usher syndrome
	MYO7A a
	AR

	
	
	PCDH15 a
	AR

	
	
	USH2A a
	AR

	
	Mitochondrial non-syndromic sensorineural hearing loss (mNSSNHL)
	MT-RNR1
	Mi

	Immunodeficiency disease
	Wiskott-Aldrich syndrome
	WAS
	XLR

	
	X-linked chronic granulomatous disease
	CYBB
	XLR

	
	X-linked angammaglobulinemia
	BTK
	XLR

	
	Severe combined immunodeficiency (SCID)
	IL2RG
	XLR

	
	
	RAG1
	AR

	
	X-linked lymphoproliferative syndrom
	SH2D1Aa
	XLR

	
	
	XIAPa
	XLR

	
	Familial Mediterranean fever (FMF)
	MEFVa
	AR

	
	X-linked hyperimmunoglobulin M syndrome(HIM)
	CD40LG a
	XLD

	
	Severe congenial neutropenia (SCN)
	ELANE a
	AD

	Other metabolic related diseases
	Bile Acid Synthesis Defect (BASD)
	HSD3B7
	AR

	
	Hepatolenticular degeneration (HLD)
	ATP7B
	AR

	
	Cerebrotendinousxanthomatosis (CTX)
	CYP27A1 a
	AR

	
	Menkes’disease (MD)
	ATP7A a
	XLR

	
	Hypophosphatasia (HPP)
	ALPLa
	AR/AD

	Hereditary cancer related diseases
	Bile Acid Synthesis Defect (BASD)
	HSD3B7
	AR

	
	Hepatolenticular degeneration (HLD)
	ATP7B
	AR

	
	Cerebrotendinousxanthomatosis (CTX)
	CYP27A1 a
	AR

	
	Menkes’disease (MD)
	ATP7A a
	XLR

	
	Hypophosphatasia (HPP)
	ALPLa
	AR/AD

	Hereditary cancer related diseases
	Bile Acid Synthesis Defect (BASD)
	HSD3B7
	AR

	
	Hepatolenticular degeneration (HLD)
	ATP7B
	AR

	
	Cerebrotendinousxanthomatosis (CTX)
	CYP27A1 a
	AR

	
	Menkes’disease (MD)
	ATP7A a
	XLR

	
	Hypophosphatasia (HPP)
	ALPLa
	AR/AD

	Hereditary cancer related diseases
	Retinoblastoma
	RB1
	AD

	Other genetic diseases
	Gitelman syndrome
	SLC12A3 a
	AR

	
	Leber hereditary optic neuropathy (LHON)
	MT-ND4 a
	Mi

	
	X-linked Alport syndrome
	COL4A5 a
	XLD

	
	Alport syndrome
	COL4A3 a
	AD

	
	
	COL4A4 a
	AR

	
	Tuberous sclerosis
	TSC1 a
	AD

	
	
	TSC2 a
	AD

	
	Cystic fibrosis (CF)
	CFTRa
	AR

	
	Co-Enzyme Q10 deficiency type 7
	COQ4 a
	AR


a, genes designed only in panel 2, others are designed commonly in panel 1 and panel 2.
Abbreviations: AD,autosomal dominant inheritance; AR,autosomal recessive inheritance;XLD, x-linked dominant inheritance; XLR,x-linked recessive inheritance; Mi:Mitochondrial Inheritance

Table S4. The descriptions of online bioinformatic tools and databases
	Online Bioinformatic Tools
	Websites

	dbSNP
	http://www.ncbi.nlm.nih.gov/snp

	1000 Genome Project
	https://www.internationalgenome.org/

	Genome Aggregation Database (gnomAD)
	https://gnomad.broadinstitute.org/

	OMIM
	http://www.omim.org

	ClinVar
	http://www.ncbi.nlm.nih.gov/clinvar

	Human Gene Mutation Database
	http://www.hgmd.org

	SIFT
	http://sift.jcvi.org

	MutationTaster
	http://www.mutationtaster.org

	PolyPhen-2
	http://genetics.bwh.harvard.edu/pph2

	PROVEAN
	http://provean.jcvi.org/index.php
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Table S5. Reflex testing workflows and confirmation criteria for discordant screening results.
	Screening Scenario
	Trigger & Timeline*
	Reflex Action
	Confirmatory Diagnostic Criteria & Final Classification

	Concordant 
PositiveBio (+) / NGS (+)
	Trigger: Initial abnormal biochemical results.
Timeline: ~Day 7
	Recall & Recheck: Screening center recalls infant for a second dried blood spot (DBS).
	Diagnosis Confirmed: Both genetic and biochemical/clinical evidence support the diagnosis.
Outcome: True Positive (Both).

	Discordant A
Bio (+) / NGS (– or Pending)
	Trigger: Initial abnormal biochemical results.
~Timeline: Day 7.
	Immediate Recall: Recall for second DBS recheck. If recheck is positive ("Suspected Positive"), perform confirmatory tests (e.g., Serum TSH, MS/MS, Enzyme activity).
	Evaluation: Clinical presentation and confirmatory tests serve as the gold standard.
• If Confirmed: Bio True Positive / NGS False Negative.
• If Excluded: Bio False Positive / NGS True Negative.

	Discordant B (Type 1)
Bio (–) / NGS (+)(Bio-detectable diseases, e.g., CH, G6PD)
	Trigger: NGS report identifying P/LP variants.
Timeline: ~Day 18
	Recall for Verification: Recall for DBS verification and perform targeted confirmatory testing (e.g., Serum TSH/FT4 for CH; Enzyme activity for G6PD).
	Evaluation: Biochemical phenotype is verified against the genotype.
• If Confirmed: Bio False Negative / NGS True Positive.
• If Excluded: Bio True Negative / NGS False Positive.

	Discordant B (Type 2)
Bio (N/A) / NGS (+)(Non-Bio diseases, e.g., Deafness)
	Trigger: NGS report identifying P/LP variants.
Timeline: ~Day 18.
	Specialist Referral: Refer to specific departments for clinical assessment (e.g., Audiometry/OAE/ABR for hearing loss).
	Evaluation: Clinical diagnosis by specialist assessment.
• If Confirmed: NGS True Positive (Bio N/A).
• If Excluded: NGS False Positive.


*Time from Birth. Abbreviations: Bio, Biochemical Screening; NGS, Next-generation Sequencing; DBS, Dried Blood Spot; P/LP, Pathogenic / Likely Pathogenic; CH, Congenital Hypothyroidism; G6PD, Glucose-6-Phosphate Dehydrogenase Deficiency; ABR/OAE, Auditory Brainstem Response / Otoacoustic Emissions


Table S6. Micro-costing analysis and cost-effectiveness evaluation of M-NGS versus T-NGS for newborn screening.
	Item
	M-NGS 
(USD)
	T-NGS
(USD)

	SET-UP COSTS
	
	

	Capital Expenditure
	
	

	Pre-PCR: DNA extraction equipment
	20,000
	9,000

	Post-PCR: Library Prep & QC
	25,000
	80,000

	LABORATORY INFRASTRUCTURE
	
	

	Pre- & post-PCR rooms
	30,000
	30,000

	Sequencing Platform
	250,000
	180,000

	OTHER
	
	

	Software customisation
	6,000
	10,000

	Site visits & platform setup & training
	8,000
	10,000

	TOTAL SET-UP COSTS
	339,000
	319,000

	
	
	

	RECURRING COSTS (Annual, n=5000)
	
	

	HUMAN RESOURCES
	
	

	Staff members (3 staff, annual total)
	75,000
	75,000

	REAGENTS
	
	

	Pre PCR: DNA extraction
	26,672
	39,650

	Post PCR: Library preparation
	75,000
	250,000

	Sequencing
	
	

	Reagents & Consumables
	125,000
	60,000

	BIOINFORMATICS
	
	

	Bioinformatics & software
	25,000
	20,000

	SERVICE & SUPPORT CONTRACTS
	
	

	Equipment and software
	30,000
	40,000

	OTHER
	
	

	Consumables (plastics)
	10,000
	10,000

	TOTAL RECURRING COSTS
	366,672
	494,650

	
	
	

	COST-EFFECTIVENESS
	
	

	Cost per sample (n=5,000)
	86.89
	111.69

	Detection Rate
	~0.78%
	~1.71%

	Estimated Positives (per 5,000)
	~39 cases
	~85.5 cases

	Cost per positive diagnosis
	~11,140
	~6,531.58


Abbreviations: M-NGS, Multiplex PCR-NGS; T-NGS, Target-capture NGS

Table S7. Abnormal Biochemical Markers and Their Indications of Disease
	Abnormal biochemical indicators
	Suspected diseases
	Count

	Increased thyroid-stimulating hormone (TSH)
	Thyroid dyshormonogenesis
	42

	Increased succinylcarnitine (C4DC) / 3-Hydroxyisovalerylcarnitine (C5OH)
	3-Methylcrotonyl-CoA carboxylase deficiency/Biotinidase Deficiency
	32

	Free carnitine reduction
	Primary Carnitine Deficiency
	25

	Citrulline reduction
	Ornithine Transcarbamylase Deficiency
	18

	Glucose-6-phosphate dehydrogenase (G6PD)
	Glucose-6-Phosphate Dehydrogenase Deficiency
	9

	Multiple amino acids elevated
	Dietary effects/sample contamination/amino acid complex
	7

	Increased arginine
	Argininemia
	6

	Increased tyrosine
	Tyrosinemia
	5

	Increased butyrylcarnitine
	Short Chain Acyl-CoA Dehydrogenase Deficiency
	5

	Increased citrulline
	Citrullinemia type I/Citrin deficiency
	3

	Increased propionylcarnitine
	Methylmalonic Acidemia
	3

	Increased leucine and valine.
	Maple Syrup Urine Disease
	3

	Increased isovalerylcarnitine
	Isovaleric Acidemia/Isobutyryl-CoA dehydrogenase deficiency/2-Methylbutyryl Glycinuria
	3

	Increased methionine
	Hypermethioninemia
	2

	Increased tetradecenoylcarnitine
	Acyl-CoA Dehydrogenase Deficiency,Very Long-Chain
	2

	Increased Malonylcarnitine (C3DC) / 3-Hydroxybutyrylcarnitine (C4OH)
	Multiple Acyl-CoA Dehydrogenase Deficiency/Methylmalonic Acidemia
	2

	Increased 17-hydroxyprogesterone
	21-hydroxylase deficiency
	1

	Increased phenylalanine
	Hyperphenylalaninemia
	1




2
Table S8. Positive samples identified through M-NGS
	Gene
	Suspected diseases
	Count

	Diseases detectable by either newborn biochemical or genetic screening
	

	G6PD
	Glucose-6-Phosphate Dehydrogenase Deficiency
	9

	DUOX2
	Thyroid dyshormonogenesis 6 type
	3

	PAH
	Phenylketonuria
	2

	SLC22A5
	Primary Carnitine Deficiency
	1

	Diseases detectable only by newborn NGS screening
	

	GJB3
	Autosomal dominant deafness, type 2B
	6

	MT-TL1
	Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes (MELAS) syndrome.
	2

	MT-RNR1
	Mitochondrial nonsyndromic hearing loss and deafness
	1

	GJB2
	Deafness, autosomal recessive 1A
	1




2
Table S9. Positive samples identified through T-NGS
	Gene
	Suspected diseases
	Count

	Diseases detectable by either newborn biochemical or genetic screening
	

	DUOX2
	Thyroid dyshormonogenesis 6 type
	11

	G6PD
	Glucose-6-Phosphate Dehydrogenase Deficiency
	9

	PAH
	Phenylketonuria
	2

	SLC25A13
	Citrin deficiency
	2

	ACAD8
	Isobutyryl-coenzyme A dehydrogenase deficiency
	1

	SLC22A5
	Primary Carnitine Deficiency
	1

	Diseases detectable only by newborn NGS screening
	

	GJB2
	Deafness, autosomal recessive 1A
	17

	MT-RNR1
	Mitochondrial nonsyndromic hearing loss and deafness
	14

	LDLR
	Hypercholesterolemia, familial,1
	7

	GJB3
	Autosomal dominant deafness, type 2B
	6

	DMD
	Duchenne/Becker Muscular Dystrophy
	4

	TSC2
	Tuberous sclerosis 2
	2

	ABCC8
	Permanent neonatal diabetes mellitus
	2

	PROKR2
	Kallmann Syndrome 3
	2

	COL4A3
	Autosomal Dominant Alport Syndrome
	2

	CLCN1
	Myotonia Congenita
	2

	FGFR1
	Kallmann Syndrome 2
	1

	MYO15A
	Autosomal Recessive Deafness 3
	1

	MT-ND4
	Leber's hereditary optic neuropathy
	1


*1 samples suggest the possible presence of two suspected diseases simultaneously.



Table S10. False Positive Cases of Congenital Hypothyroidism Identified by NGS Screening
	No.
	Gender
	Indicator (reference range)
	Gene
	Location
	Variant(Protein)
	Zygosity
	Pathogenicity classification
	Mode of Inheritance
	Risk Indication

	
	
	
	
	
	
	
	
	
	NBS-Bio
	Multiplex PCR-NGS
	Targeted capture-based NGS

	1
	Female
	TSH 3.72 
(0.35-4.94mIU/L)
FT4 11.55 
(9.1-19.24pmol/L)
	DUOX2
	Exon 14
	c.1588A>T
(p.Lys530*)a
	Het
	P
	AR
	Not Detected
	Carrier
(Carriers of Relevant Genes)
	Potential Disease Risk

	
	
	
	
	Exon 20
	c.2654G>T
(p.Arg885Leu)
	Het
	LP
	
	
	
	

	2
	Male
	TSH 5.02 
(0.35-4.94mIU/L)
FT4 14.12 
(9.1-19.24pmol/L)
	DUOX2
	Exon 6
	c.596delC
(p.Ser199Trpfs*122)a
	Het
	P
	AR
	Not Detected
	Carrier
(Carriers of Relevant Genes)
	Potential Disease Risk

	
	
	
	
	Exon 17
	c.2048G>T
(p.Arg683Leu)
	Het
	LP
	
	
	
	

	3
	Female
	TSH 4.24 
(0.35-4.94mIU/L)
FT4 13.75
(9.1-19.24pmol/L)
	DUOX2
	Exon 14
	c.1588A>T 
(p.Lys530*)b
	Het
	P
	AR
	Potential Disease Risk
	Carrier
(Carriers of Relevant Genes)
	Potential Disease Risk

	
	
	
	
	Exon 6
	c.576C>T 
(p.S192S)
	Het
	VUS
	
	
	
	

	4
	Female
	TSH 1.01 
(0.35-4.94mIU/L)
FT4 13.28
(9.1-19.24pmol/L)
	DUOX2
	Exon 20
	c.2635G>A
(p.Glu879Lys)
	Het
	P/LP
	AR
	Not Detected
	Not Detected
	Potential Disease Risk

	
	
	
	
	Exon 17
	c.2048G>T
(p.Arg683Leu)
	Het
	LP
	
	
	
	


aMultiplex PCR-NGS showed positivity only at the specific locus
Abbreviations: NBS-Bio, Neonatal Biochemical Screening; CH,Congenital hypothyroidism; P/LP/VUS, pathogenic/likely pathogenic/variant of uncertain significance; Het,Heterozygous; AR, Autosomal recessive.


Table S11. False Positive Cases of Inborn Errors of Metabolism Indicated by TMS in NGS Screening
	No.
	Gender
	Indicator
μmol/L
	Indicator
μmol/L
	Reference range
μmol/L
	Gene
	Location
	Variant
(Protein)
	Zygosity
	Pathogenicity classification
	Mode of Inheritance
	Risk Indication

	
	
	
	
	
	
	
	
	
	
	
	NBS-Bio
	Multiplex PCR-NGS
	Targeted capture-based NGS

	1
	Female
	Citrulline (Cit) 
14.45
	Citrulline (Cit) 
14.02
	6-40
	SLC25A13
	Exon 1
	c.2T>C 
(p.0?)
	Hom
	VUS
	AR
	Not Detected
	Not Detected
	Potential Disease Risk

	2
	Female
	Free carnitine (C0) 
13.84
	Free carnitine (C0) 
24.43
	9-60
	SLC22A5
	Exon 5
	c.845G>A
(p.Arg282Gln)
	Het
	P
	AR
	Not Detected
	Potential Disease Risk
	Potential Disease Risk

	
	
	
	
	
	
	Exon 8
	c.1400C>G 
(p.Ser467Cys)
	Het
	P/LP
	
	
	
	

	3
	Male
	Butyrylcarnitine (C4) 
0.75
	Butyrylcarnitine (C4) 0.31
	0.05-0.45
	ACAD8
	Exon 3
	c.286G>A 
(p.Gly96Ser)a
	Het
	P
	AR
	Elevated C4 in initial screening; normal on recheck
	Carrier
(Carriers of Relevant Genes)
	Potential Disease Risk

	
	
	
	
	
	
	Exon 4
	c.444G>T 
(p.Pro148=)
	Het
	VUS
	
	
	
	

	4
	Female
	Citrulline (Cit) 
11.76
	/
	6-40
	SLC25A13
	Exon 9
	c.852_855delTATG
(p.Met285Profs*2)a
	Het
	P
	AR
	Not Detected
	Carrier
(Carriers of Relevant Genes)
	Potential Disease Risk

	
	
	
	
	
	
	Exon 1
	c.2T>C 
(p.0?)
	Het
	VUS
	
	
	
	

	5
	Female
	Phenylalanine (PHE)
117.21
	Phenylalanine (PHE)
58.93
	20-120
	PAH
	Exon 6
	c.516G>T 
(p.Gln172His)
	Hom
	LP
	AR
	Not Detected
	Potential Disease Risk
	Potential Disease Risk

	6
	Female
	Phenylalanine (PHE) 
79.19
	Phenylalanine (PHE) 
62.72
	20-120
	PAH
	Exon 7
	c.755G>A 
(p.Arg252Gln)
	Het
	LP
	AR
	Not Detected
	Potential Disease Risk
	Potential Disease Risk

	
	
	
	
	
	
	Exon 6
	c.516G>T 
(p.Gln172His)
	Het
	LP
	
	
	
	


aMultiplex PCR-NGS showed positivity only at the specific locus
Abbreviations: IEM, inborn errors of metabolism; TMS , Tandem mass spectrometry; NBS-Bio, Neonatal Biochemical Screening; P/LP/VUS, pathogenic/likely pathogenic/variant of uncertain significance; Het, Heterozygous; Hom, Homozygous; AR, Autosomal recessive.


Table S12. False Positives in Disorders Screened Solely by NGS Screening
	Gene
	Location
	Variant(Protein)
	Zygosity
	Pathogenicity classification
	Mode of Inheritance
	Counts

	
	
	
	
	
	
	

	Autosomal Recessive Deafness 1A (DFNB1A)
	
	
	
	
	
	

	GJB2
	Exon 2E
	c.109G>A (p.Val37Ile)
	Hom
	P
	AR
	11

	GJB2
	Exon 2E
	c.416G>A (p.Ser139Asn)a
	Het
	P/LP
	AR
	2

	
	Exon 2E
	c.109G>A (p.Val37Ile)
	Het
	P
	
	

	GJB2
	Exon 2E
	c.257C>G (p.Thr86Arg)
	Het
	P/LP
	AR
	1

	
	Exon 2E
	c.109G>A (p.Val37Ile)
	Het
	P
	
	

	GJB2
	Exon 2E
	c.299_300delAT (p.His100Argfs*14)a
	Het
	P
	AR
	1

	
	Exon 2E
	c.109G>A (p.Val37Ile)
	Het
	P
	
	

	GJB2
	Exon 2E
	c.235delC (p.Leu79Cysfs*3)
	Het
	P
	AR
	1

	
	Exon 2E
	c.109G>A (p.Val37Ile)
	Het
	P
	
	

	Autosomal Dominant Deafness 2B (DFNA2B)
	
	
	
	
	
	

	GJB3
	Exon 2E
	c.538C>T (p.Arg180*)
	Het
	P
	AD
	4

	GJB3
	Exon 2E
	c.547G>A (p.Glu183Lys)
	Het
	P
	AD
	2

	Autosomal recessive deafness type 3
	
	
	
	
	
	

	MYO15A
	Intron 25
	c.5911-2A>C (/)
	Het
	LP
	AR
	1

	
	Exon 41
	c.7822G>A (p.Asp2608Asn)
	Het
	LP
	
	

	Familial hypercholesterolemia type 1 (FH)
	
	
	
	
	
	

	LDLR
	Exon 12
	c.1747C>T 
(p.His583Tyr)
	Het
	LP
	AD
	4

	LDLR
	Exon 4
	c.502G>A 
(p.Asp168Asn)
	Het
	LP
	AD
	1

	LDLR
	Exon 12
	c.1721G>A 
(p.Arg574His)
	Het
	LP
	AD
	1

	LDLR
	Exon 3
	c.280G>A 
(p.Asp94Asn)
	Het
	LP
	AD
	1

	Kallmann syndrome type 3
	
	
	
	
	
	

	PROKR2
	Exon 2E
	c.726C>A 
(p.Cys242*)
	Het
	LP
	AD
	1

	PROKR2
	Exon 2E
	c.685G>C 
(p.Gly229Arg)
	Het
	LP
	AD
	1

	Kallmann syndrome type 2
	
	
	
	
	
	

	FGFR1
	Intron 4
	c.448+1G>A 
(/)
	Het
	VUS
	AD
	1

	Tuberous sclerosis type 2
	
	
	
	
	
	

	TSC2
	Exon 39
	c.5068_5069insGTAGGGCCGGGTGGGGCCCTGCAGTGCAGGAAAG 
(p.Asp1690Glyfs*27)
	Het
	VUS
	AD
	1

	TSC2
	Intron 31
	c.3815-1G>A 
(/)
	Het
	LP
	AD
	1

	Permanent neonatal diabetes mellitus
	
	
	
	
	
	

	ABCC8
	Exon 9
	c.1370_1371insGG
(p.Val458Glufs*5)
	Het
	LP
	AD,AR
	1

	ABCC8
	Intron 30
	c.3753+1G>T 
(/)b
	Het
	LP
	AD,AR
	1

	Congenital myotonia
	
	
	
	
	
	

	CLCN1
	Exon 14
	c.1489_1496delCTGGTAGG
(p.Leu497Argfs*9)c
	Het
	LP
	AD,AR
	1

	CLCN1
	Exon 1
	c.37C>T 
(p.Gln13*)b
	Het
	LP
	AD,AR
	1

	COL4A3-related Alport syndrome
	
	
	
	
	
	

	COL4A3
	Exon 29
	c.2131C>T 
(p.Gln711*)
	Het
	LP
	AD,AR
	1

	COL4A3
	Intron 5
	c.324+1delG 
(/)c
	Het
	VUS
	AD,AR
	1

	Duchenne muscular dystrophy (DMD)
	
	
	
	

	DMD
	Exon 51-52
	Exon 51_52 DEL
	Hemizygous
	P
	XLR
	1

	DMDb
	Exon 59_62
	Exon 59_62 DUP
	Hemizygous
	P
	XLR
	1

	DMDb
	Exon 22_24
	Exon 22_24 DUP
	Hemizygous
	P
	XLR
	1

	DMDb
	Exon 22_23
	Exon 22_23 DEL
	Hemizygous
	P
	XLR
	1

	
	Exon 40_41
	Exon 40_41 DEL
	Hemizygous
	P
	XLR
	

	
	Exon 61_62
	Exon 61_62 DEL
	Hemizygous
	P
	XLR
	

	Leber hereditary optic neuropathy (LHON)
	
	
	
	

	MT-ND4
	Exon 1E
	m.11778G>A 
(p.Arg340His)
	Heteroplasmic
	LP
	Mi
	1


aMultiplex PCR-NGS showed positivity only at the specific locus
bAuthenticity cannot be confirmed; a whole blood sample needs to be resubmitted
cUnreported rare, low-frequency variant
Abbreviations: P/LP/VUS, pathogenic/likely pathogenic/variant of uncertain significance; DEL,Deletion; DUP, Duplication; AR, Autosomal recessive; AD, Autosomal dominant; Mi,Mitochondrial Inheritance;XLR, X-Linked Recessive.
2
Table S13. Variants of Uncertain Significance (VUS) Detected by NGS Screening
	
	Gene
	Location
	Variant / Protein
	Zygosity
	Pathogenicity classification
	Mode of Inheritance
	Clinical Outcome

	1
	DUOXA2
	Exon 5
	c.738C>G
(p.Tyr246*)
	Het
	LP
	AR
	Confirmed

	
	DUOX2
	Intron 5
	c.514-12C>A 
(/)
	Het
	VUS1 
(Favor Benign)
	
	

	2
	DUOX2
	Exon 17
	c.2048G>T
(p.Arg683Leu)
	Het
	LP
	AR
	Confirmed

	
	
	Exon 30
	c.4027C>T 
(p.Leu1343Phe)
	Het
	VUS1 
(Favor Benign)
	
	

	3
	DUOX2
	Exon 34E
	c.4537G>C
(p.Gly1513Arg)
	Het
	VUS3 
(Favor Pathogenic)
	AR
	Confirmed

	
	
	Exon 9
	c.959T>C 
(p.Leu320Pro)
	Het
	VUS3 
(Favor Pathogenic)
	
	

	4
	DUOX2
	Exon 6
	c.576C>T 
(p.S192S)
	Het
	VUS1 
(Favor Benign)
	AR
	[bookmark: _GoBack]Initial screening positive; Excluded by follow-up

	
	
	Exon 14
	c.1588A>T 
(p.Lys530*)
	Het
	P
	
	

	5
	SLC25A13
	Exon 1
	c.2T>C 
(p.0?)
	Hom
	VUS3 
(Favor pathogenic)
	AR
	Excluded by follow-up

	6
	SLC25A13
	Exon 1
	c.2T>C 
(p.0?)
	Het
	VUS3 
(Favor pathogenic)
	AR
	Excluded by follow-up

	                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
	
	Exon 9
	c.852_855delTATG
(p.Met285Profs*2)
	Het
	P
	
	

	7
	ACAD8
	Exon 4
	c.444G>T 
(p.Pro148=)
	Het
	VUS1 
(Favor Benign)
	AR
	Initial screening positive; Excluded by follow-up

	
	
	Exon 3
	c.286G>A 
(p.Gly96Ser)
	Het
	P
	
	

	8
	FGFR1
	Intron 4
	c.448+1G>A 
(/)
	Het
	VUS3 
(Favor pathogenic)
	AD
	Excluded by follow-up

	9
	TSC2
	Exon 39
	c.5068_5069insGTAGGGCCGGGTGGGGCCCTGCAGTGCAGGAAAG 
(p.Asp1690Glyfs*27)
	Het
	VUS3 
(Favor pathogenic)
	AD
	Excluded by follow-up

	10
	COL4A3
	Intron 5
	c.324+1delG
 (/)
	Het
	VUS3 
(Favor pathogenic)
	AD, AR
	Excluded by follow-up


Abbreviations: NGS, Next-generation sequencing; P/LP/VUS, Pathogenic/Likely pathogenic/Variant of uncertain significance; Het, Heterozygous; Hom, Homozygous; AR, Autosomal recessive; AD, Autosomal dominant; fs, Frameshift; *, Termination codon

NICU	Non-NICU	60	103	
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