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• New approaches to screening and diagnosis

• CDG syndromes
• Mitochondrial diseases

• New therapies
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New approaches to screening and diagnosis

Mackenzie’s Mission : https://www.mackenziesmission.org.au/

1. screening up to 10,000 couples across Australia for ~ 750 severe, childhood-onset genetic conditions

2. allowing prospective parents to gain information about their likelihood of having a child with any of
these genetic conditions.

3. program set up following the death of a girl with SMA and her parents asked why they didn't know
they were carriers

4. Couple screening - program : both members of a couple are screened and received this result
1. High “chance” : both are carriers of the same autosomal recessive condition or the woman is a

carrier of a X-linked condition
2. Low “chance” : there are not found to be carriers of the same autosomal recessive condition or

the woman is not a carrier of a X-linked condition
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Reproductive genetic carrier screening for families with IEM. Edwin Kirk 
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2500 genes linked to AR or X-linked conditions

Criteria for gene selection

• The condition is one for which an “average” couple would take steps to avoid the birth of a child
with that condition +/- where early diagnosis improves prognosis

• Strong evidence for gene-phenotype relationship
• No technical barriers

 1300 genes selected

New approaches to screening and diagnosis
Reproductive genetic carrier screening for families with IEM. Edwin Kirk 

1. First results : 4904 couples : 2 % high chance (1/50 couple)

2. Reporting IEM challenges
1. Variant classification
2. Pseudodeficiencies
3. Conditions with unpredictable age of onset/severity
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New approaches to screening and diagnosis
Reproductive genetic carrier screening for families with IEM. Edwin Kirk 
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UDP: https://www.genome.gov/Current-NHGRI-Clinical-Studies/Undiagnosed-Diseases-Program-UDN

1. 2008

2. To assist patients with unknown disorders reach an accurate diagnosis

3. To discover new diseases that provide inside into human physiology and genetics

• Submission of medical records

• 1 week inpatient admission
1. Personalized patient phenotyping to rule out known disease
2. Genetic studies : commercial testing, SNP arrays, exome./.genome sequencing
3. Functional studies
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New approaches to screening and diagnosis
Diagnosis and discovery : NIH Undiagnosed Diseases Program : William A. Gahl

1. > 4000 medical records 1500 admitted and evaluated

2. 40 % children

3. 50 % neurological problems

Adults patients from 3 families

Intermittent claudication of the calves, thighs, and buttocks

Chronic ischemic pain in the feet at rest

Joint pain in the hands

biallelic nonsense, missense, and single-nucleotide insertion–frameshift mutations in the ecto-5′-
nucleotidase gene NT5E, encoding the CD73 enzyme, which generates extracellular adenosine
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Diagnosis and discovery : NIH Undiagnosed Diseases Program : William A. Gahl

New approaches to screening and diagnosis
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• Ppi : pyrophosphate 
• Pi : inorganic phosphate 
• TNPA : tissue-nonspecific alkaline phosphatase 

Surface of vascular cells

X

↓

↓

↓

↓
Several new conditions
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https://www.udninternational.org/

New approaches to screening and diagnosis
Diagnosis and discovery : NIH Undiagnosed Diseases Program : William A. Gahl
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3 new IEM

1. Galactosemia type 4 or deficiency of galactose mutarotase (or aldose 1-epimerase) (GALM, EC 5.1.3.3)
1. 8 patients with high level of galactose without explanation
2. 2 patients with cataracts
3. Mutations identified in GALM gene
4. First step of the Leloir pathway
5. GALM activity and protein ↓ in red blood cells
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Novel disorders discovered by whole genome sequencing : Shigeo Kure. 

New approaches to screening and diagnosis
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3 new IEM

1. Galactosemia type 4 or deficiency of galactose mutarotase

2. Deficiency of lanosterol synthase : alopecia with intellectual disability

13

The American Journal of Human Genetics 103, 777–785, November 1, 2018

PLoS Genet 16(2): e1008628. https://doi.org/10.1371/journal.pgen.1008628

Genetics in Medicine (2019) 21:2025–2035; https://doi.org/10.1038/s41436-019-0445-x

Novel disorders discovered by whole genome sequencing : Shigeo Kure. 

New approaches to screening and diagnosis

3 new IEM

1. Galactosemia type 4 or deficiency of galactose mutarotase

2. Deficiency of lanosterol synthase : alopecia with intellectual disability

3. a de novo mutation of the ATP11A gene : patient with severe developmental delay and progressive
neurological decline
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Novel disorders discovered by whole genome sequencing : Shigeo Kure. 

New approaches to screening and diagnosis
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New approaches to screening and diagnosis
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Ultra-rapid genomic sequencing in the newborn. David Dimmock

New approaches to screening and diagnosis
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Ultra-rapid genomic sequencing in the newborn. David Dimmock

The American Journal of Human Genetics 107, 953–962, November 5, 2020

The American Journal of Human Genetics 107, 942–952, November 5, 2020
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• New approaches to screening and diagnosis

• CDG syndromes
• Mitochondrial diseases

• New therapies
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CDG syndromes
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Novel approaches in treatment of CDG: Bringing therapies from bench to bedside 
Eva Morava
Transplantation
• Liver transplantation : MPI-CDG, ATP6AP1-CDG & CCDC166-CDG
• Heart transplantation : DK1-CDG
• Hematopoietic stem cell transplantation : PGM3-CDG

Sugar therapies
• Fucose in SLC35C1-CDG
• Mannose in MPI-CDG
• Galactose in PGM1-CDG
• Galactose in TEME165-CDG, SLC35A2-CDG, SLC39A8-CDG
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CDG syndromes
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Novel approaches in treatment of CDG: Bringing therapies from bench to bedside 
Eva Morava

Transplantation
• Liver transplantation : MPI-CDG, ATP6AP1-CDG & CCDC166-CDG
• Heart transplantation : DK1-CDG
• Hematopoietic stem cell transplantation : PGM3-CDG

Sugar therapies
• Fucose in SLC35C1-CDG
• Mannose in MPI-CDG
• Galactose in PGM1-CDG
• Galactose in TEME165-CDG, SLC35A2-CDG, SLC39A8-CDG

Aldose reductase inhibitor Epalrestat : ↑ PMM2 activiy in worms and 
patient fibroblasts

ANN NEUROL 2021;90:887–900

CDG syndromes
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Novel approaches in treatment of CDG: Bringing therapies from bench to bedside 
Professor Eva MORAVA
Transplantation
• Liver transplantation : MPI-CDG, ATP6AP1-CDG & CCDC166-CDG
• Heart transplantation : DK1-CDG
• Hematopoietic stem cell transplantation : PGM3-CDG

Sugar therapies
• Fucose in SLC35C1-CDG
• Mannose in MPI-CDG
• Galactose in PGM1-CDG
• Galactose in TEME165-CDG, SLC35A2-CDG, SLC39A8-CDG

Aldose reductase inhibitor Epalrestat : ↑ PMM2 activiy in worms and 
patient fibroblasts

Acetozolamide in PMM2-CDG patients

ANN NEUROL 2019;85:740–751



24-03-22

11

CDG syndromes
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Tracer metabolomics, from molecular insights to improved therapy. 
Bart Ghesquiere

The American Journal of Human Genetics 104, 835–846, May 2, 2019 

• New approaches to screening and diagnosis

• CDG syndromes
• Mitochondrial diseases

• New therapies
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The Australian Genomic Health Alliance (AGHA) Mitochondrial Flagship: Delivering 
Mitochondrial Diagnoses at a National Level. John Christodoulou

Prospective cohort : 140 patients (84
children – 56 adults)

Suspicion of mitochondrial disease :
Nijmegen score ≥ 5

Randomised to half Genome-Seq, half
Exome-Seq ± mt DNA-Seq

Children : 58 %

Adults : 30 %

Less costly (2000 – 7000 $/diagnosis)
and more effective (+ 11 % of diagnosis)

Mitochondrial diseases

WGS  : 49 % WES + mtDNA : 46 %
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Multi-Omic approaches aid identification of cryptic variants underlying mitochondrial 
disorders. David Thorburn

Mitochondrial diseases
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Multi-Omic approaches aid identification of cryptic variants underlying mitochondrial 
disorders. David Thorburn

Transcriptomics/RNA seq

Quantitative proteomics

Mitochondrial diseases
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Biomarkers in mitochondrial diseases. Rita Horvath : SSIEM

Mitochondrial diseases

Amino-acids
Acylcarnitines
Organic acids

serum neurofilament light chain
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Biomarkers in mitochondrial diseases. Rita Horvath

Mitochondrial diseases

Circulating cell-free mitochondrial 
DNA in plasma and CSF 

↑ N-lactoyl-amino acids , β-hydroxy acylcarnitines, 
and β-hydroxy fatty acids in MELAS

• New approaches to screening and diagnosis

• CDG syndromes
• Mitochondrial diseases

• New therapies
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New Therapies
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Gene therapy for classical homocystinuria : Warren D  Kruger

Cystathionine β-synthase (CBS) deficiency 
• ↑ total homocysteine (tHcy).
• Pyridoxine + Betaine + low methionine diet : poor

compliance.

Mouse model
a single dose of virus and followed for up to 1 year

AAVrh.10-based gene therapy 
• highly effective in treating CBS deficiency in mice
• supports additional pre-clinical testing for eventual

use in human trials.

New Therapies
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Reduction in Plasma Phenylalanine Levels in Patients with Phenylketonuria with Live 
Bacterial Therapeutic SYNB1618 : Jerry Vockley
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New Therapies
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Reduction in Plasma Phenylalanine Levels in Patients with Phenylketonuria with Live 
Bacterial Therapeutic SYNB1618 : Jerry Vockley

SYNB1618 has demonstrated ability to access Phe
within the GI tract

254 µM mean reduction in Phe responders (4/8)

No SAEs or systemic safety issued identified
Mild to moderate GI AEs

New Therapies
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Mini-COMET : safety and efficacy after ≥ 97 weeks’ avalglucosidase alfa in infantile-onset 
Pompe disease (IOPD) patients previously treated with alglucosidase alfa who 
demonstrated clinical decline. David Kronn

• No treatment-
related serious
or severe TEAES 
occured

• Immune 
response was
modest

• Stabilization or 
improvement of 
motor fuction
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Thank you for your attention


