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Newborn Screening & Clinical Genomics
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Why Newborn Genomics?

• Mendelian Diseases disproportionately affect 
Newborns
- ~3500 genetic diseases with molecular basis
- >10% of NICU admissions are genetic
- Current NBS tests limited to 29+ diseases
- 2nd tier DNA testing to validate biochemical results 

• Advantage of NGS based DNA testing
- Find causal variants (rare/novel) in gene(s)
- A ‘universal’ NGS approach avoids repeated, serial 
single gene testing 

- Current Sanger sequencing is expensive ($3-10K) and 
slow (3 months to 1 year)
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NICU- Neonatal Intensive Care Unit
NBS-Newborn Screening
NGS-Next Generation Sequencing

Gelehrter TD, Collins FS, Ginsburg D. Principles of 
Medical Genetics. 2nd ed. Baltimore, MD: Williams & 
Wilkins; 1998:1-42



Why Targeted (Exome) Sequencing for now?

•Majority of known disease-causing mutations in exons
•Exome = protein-encoding parts of genes
•Targeted NGS is Cost & Throughput Efficient
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NGS 
Sequencing

Genomic DNA from 
Affected Individuals

Causal Mutations in 
Exons/Target Regions

*

Test Menu Cost ($) Throughput
Fold

Efficiency
Whole Genome (Res.) 7,666* 1 1
Exome (Res) 1,200 15 95
Neonate Panel (Clinical) <1000 150 >1140

*Saunders et al., (2012) Rapid Whole Genome Sequencing for Genetic Disease Diagnosis in 
NICUs
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Workflow for 2nd Tier Newborn Screening

Sample 
Isolation

DNA Capture
& Sequencing

Raw Data 
Management

Analysis 
& Interpretation

2h 92h 10h 1h+

8 samples, 105 Hrs, <$10,000 = Real Neonatal Genomics!
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Workflow for 2nd Tier Newborn Screening

%DBS 25   50   100

Yield 400ng per Spot

•High M.Wt. DNA
•PCR Amplifiable and NGS ready
•Processing Time ~ 2 hrs
•Amenable to automation

More yield and DNA purity than 
alternate workflow

Sample
Isolation

2h





Workflow for 2nd Tier Newborn Screening

•We have integrated and tested two fast data 
management and processing workflows 

oClinical Future Inc. (CFI)-uses GATK2
oReal Time Genomics (RTG)- proprietary

•All Variant (.vcf) files processed in ~10 hrs.
•High quality variant calls-PG/CFI pipeline

Raw Data
Management
(Mapping, alignment
& variant calling)

10h

Variant

Total Variants 23Me UCLA PG/CFI
EdgeBio 39116 25552 36458
23Me 30182 43417
UCLA 25378

% Discordance 23Me UCLA PG/CFI
EdgeBio 0.36% 0.39% 0.27%
23Me 0.31% 0.35%
UCLA 0.13%

.vcf (PG/CFI or RTG)

FASTQ

Omicia
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Workflow for 2nd Tier Newborn Screening

NO DISORDER POPULATION GENE VARIANT

1 Phenylketonuria Amish/Mennonite PAH 782 G>A
2 Maple Syrup Urine Disease Mennonite BCKDHA 1312 T>A
3 Medium Chain Acyl-Co Dehydrogenase Deficiency Mennonite ACADM 985 A>G
4 Glutaric Aciduria Type 1 Amish GCDH 1262 C>T
5 Cystic Fibrosis Amish/Mennonite CFTR 1522-24 del TTT
6 Severe Combined Immunodeficiency Disease Amish RAG1 2974 A>G
7 Severe Combined Immunodeficiency Disease Mennonite IL7R 2 T>G
8 21-Hydroxylase Deficiency Amish CYP21A2 518 T>A
9 11-β-Hydroxylase Deficiency Amish CYP11B1 1343 G>A
10 3-β-Hydroxy Steroid Dehydrogenase Deficiency Amish HSD3B2 35 G>A
11 Galactose Uridyl Transferase Deficiency Amish GALT 563 A>G
12 Biotinidase Deficiency Mennonite BTD 1459 T>C
13 Biotinidase Deficiency Amish BTD 1368 A>C
14 Biotinidase Deficiency Amish BTD 1330 G>C
15 Homocystinuria Amish MTHFR 1129 C>T
16 Propionic Acidemia B Amish/Mennonite PCCB 1606 A>G
17 Adenosine Deaminase Deficiency (SCID) Amish ADA 646 G>A
18 Glutaric Aciduria Type 3 Amish C7orf10 895 C>T
19 3-Methylcrotonylglycinuria 2β Amish MCCC2 295 G>C
20 3-Methylcrotonylglycinuria 2β Mennonite MCCC2 518 ins T
21 3-Methylcrotonylglycinuria 2β Mennonite MCCC2 687 A>C
22 Mevalonate Kinase Deficiency Mennonite MVK 803 T>C
23 Mevalonate Kinase Deficiency Mennonite MVK 1174 G>A
24 Galactose Uridyl Transferase Deficiency Amish GALT 940 A>G
25 Phenylketonuria Amish PAH 280-282 del ATC
26 Phenylketonuria Mennonite PAH IVS 10-11 G>A
27 Phenylketonuria Mennonite PAH IVS 12+1 G>A
28 Tyrosinemia Type 3 (Hawkinsinuria) Mennonite HPD 85 G>A
29 Tyrosinemia Type 3 (Hawkinsinuria) Mennonite HPD 479 A>G
30 Tyrosinemia Type 3 (Hawkinsinuria) Mennonite HPD 1005 C>G
31 Methylmalonic/Homocystinuria, cblC Deficiency Amish MMACHC 271 ins A
32 Medium Chain Acyl-CoA Dehydrogenase Deficiency Mennonite ACADM IVS 4-30 A>G

•Tested two known cases: MSUD and PA
•Used CRADD for FP/FN testing
•Tested blinded samples, a set of 8 from 30

Analysis &
Interpretation
(Annotation, interpretation
& reporting)

1h

9

Known

Known





NO DISORDER POPULATION GENE VARIANT Sample

1 Phenylketonuria Amish/Mennonite PAH 782 G>A S10
2 Maple Syrup Urine Disease Mennonite BCKDHA 1312 T>A
3 Medium Chain Acyl-Co 

Dehydrogenase Deficiency
Mennonite ACADM 985 A>G S1

5 Cystic Fibrosis Amish/Mennonite CFTR 1522-24 del TTT S3
7 Severe Combined 

Immunodeficiency Disease
Mennonite IL7R 2 T>G S6

9 11-β-Hydroxylase Deficiency Amish CYP11B1 1343 G>A S9
11 Galactose Uridyl Transferase

Deficiency
Amish GALT 563 A>G S5

12 Biotinidase Deficiency Mennonite BTD 1459 T>C S7
15 Homocystinuria Amish MTHFR 1129 C>T S4
16 Propionic Acidemia B Amish/Mennonite PCCB 1606 A>G

Detecting 8 blinded cases among 30 
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