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8
55%
specialists

Misdiagnosis

Mitochondrial disorders

Diagnostic odyssey

Grier , et al. Neurol Genet 2018
Russell, et al. Cell 2020

30% Misdiagnosed more than once
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Mitochondrial disease genes identified and their role in 
mitochondrial function

Interaction of nuclear and mitochondrial genomes

…so, all up so far > 350 single gene disorders identified 
that compromise mitochondrial respiratory chain 

function….

Frazier et al. J Biol Chem. 2019 Apr 5;294(14):5386-5395 (updated 2020)
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Genes, Gene Panels, Exomes and Genomes….

Gene panel

https://www.my46.org/intro/whole-genome-and-exome-sequencing

https://www.my46.org/intro/whole-genome-and-exome-sequencing
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http://www.futuretimeline.net/blog/biology-medicine-blog.htm#.U1nYTV7yQds

$1,000USD reagent and running costs

Cost to sequence the human genome (USD)

http://www.futuretimeline.net/blog/biology-medicine-blog.htm#.U1nYTV7yQds
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Genomic medicine in healthcare
WHAT DOES IT MEAN FOR THE PUBLIC?
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Australian Genomics Mitochondrial Flagship 
- Prospective cohort (2017 – 2020)

• national network comprising almost all key paediatric & adult centres 

• entry criteria: presented since 2016, no prior genomic testing, modified 
Nijmegen score of ≥5 (probable/definite)

• randomised to half Genome-Seq, half Exome-Seq +/- mtDNA-Seq (blood DNA)

• 140 individuals recruited (84 paediatric-onset, 56 adult-onset)

• PanelApp* mitochondrial gene list analysed first, expanded to Mendeliome if 
negative

• unsolved cases reflexed to multi-omic research approaches

https://panelapp.agha.umccr.org/panels/203/*

https://panelapp.agha.umccr.org/panels/203/
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Definitive
41%

Strong 
candidates

6%
Negative

10%

VUS
43%

47%

66 diagnoses
53 different  genes

n = 140

MT-ATP6, 2

MT-ND1, 2

MT-ND3, 2

MT-ND5, 1
MT-ND6, 1
MT-TL1, 1
MT-TS1, 1
MT-TV, 1
MT-TW, 1

mtDNA deletion, 
4

AARS2, 2

ACAD9, 1

AMACR, 1

ATAD3, 3

COX15, 1
CTBP1, 1

DHCR7, 1

EARS2, 1

ECHS1, 3

EIF2B3, 1

FBXL4, 1

GFAP, 1
JAM3, 1

KCNJ10, 1

MORC2, 2

MYH9 , USH2A, 1

NARS2, 1

NUS1, 1

OPA1, 1

PDHA1, 2
PNPT1, 1

POLG, 3

PPM1D, 1

RRM2B, 1
SERAC1, 1
SLC19A3, 1

SLC2A1, 1

SPG7, 1
SURF1, 1
TPK1, 1

TRNT1, 1
TSFM, 1
TWNK, 1

MOGS1,  CRYAA, 1
MPZ , 1
PEX6, 1

EHMT1, 1

PPA2, 1
VARS1, 1

UNC13A, 1

C1QBP, 1

76% nuclear24% mtDNA

Mitochondrial Non-mitochondrial  
33% mtDNA 67% nuclear (26% non-mito)

Diagnostic rate
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n=84
Paediatric Adults

78%
22%

69%
31%mtDNA

gDNA

mtDNA

gDNA

n=56

58% 30%

n = 140

Diagnostic rate by age of onset
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Definitive
40%

Strong candidates
4%

Muscle mtDNA
1%*

Negative
13%

VUS
42%

Definitive
40%

Strong candidates
7%

Muscle mtDNA
2%*

Negative
7%

VUS
44%

Diagnostic rate: WGS and WES/mtDNA

49%

WGS WES +/- mtDNA

46%

n = 140, 72 WES+mtDNAseq, 68 WGS
* Initial negative result in blood by WGS=1, and WES=1. A mtDNA deletion was subsequently detected on muscle biopsy.
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Conclusions

• clinical genomic testing is ready to “prime time” and is a game changer
 will make the diagnostic odyssey shorter and less complex

 hopefully will reduce the need for invasive testing

 will restore reproductive confidence

 will allow of personalised medical care

• genomic testing can be effectively deployed for mitochondrial disorders

• the challenge is how to make it equitably and sustainably available



Funding of genomic testing for mitochondrial 
disorders
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MEDICAL SERVICES ADVISORY COMMITTEE PIPELINE

Aim: building capability and experience to support a pipeline of applications, where there is appropriate clinical 
and economic evidence, enabling the appropriate transition of genomic testing from research into clinical 
practice 

CHILDHOOD SYNDROMES WORKING GROUP

John Christodoulou (Chair), Peta Phillips, Zornitza Stark, Sue White, Seb Lunke, Tony Roscioli, Nigel Laing, David 
Thorburn, Chris Barnett, John Beilby, Melanie Galea, James Harraway, Julie McGaughran, Hamish Scott, Marcel 
Dinger.

AG 2.0: National Diagnostic and Research Network
PROJECT: MSAC Pipeline
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Does this apply for individuals with suspected mito disease?

• new item number applies only to individuals < 10 yrs old

• Eligible individuals:

moderate or severe intellectual disability or developmental delay

or

a combination of facial dysmorphism and at least one or more congenital anomalies 
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Implications for a future mito-specific MSAC application
• if possible, make it applicable to childhood- & adult-onset mito disorders

• clarity about which medical specialists should be able to order testing

• need to have clear descriptors for patient eligibility based on the best available 
evidence

 Nijmegen scoring system?  Other system?

• which sequencing technology to use?
 WES/mtDNA sequencing vs WGS have pluses and minuses…

• need to build the strongest possible case
 demonstrating the clinical value and cost and other diagnostic savings

• hopefully the process will take less than 5 years!!
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Cost utility of genomic sequencing – mitochondrial disorders

 two cohorts – paediatric “pre-genomics” & paediatric mitochondrial flagship cohorts
 two approaches – decision tree to model costs and outcomes; clinical heterogeneity
 genomic sequencing less costly and more effective

o $2,000-$9,000 saved per diagnosis; 11 – 14% increased diagnostic yield

 based on estimated incidence of childhood onset mitochondrial disorders, early 
implementation of genomic sequencing could translate to a national annual cost 
saving of up to $700K

2021 Jun 8. Online ahead of print.



Mito disease diagnosis: beyond genomic testing
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Aims:

1. Establish a national MitoMDT meeting for consistent identification and 
recruitment of suspected mito patients for WGS

2. Enhance diagnostic yield of WGS by targeted functional analyses

3. Use a multi-omics approach to characterise gene changes in known and new 
mito genes (incl. RNAseq, quantitative proteomics, and integrated Omics)

MitoMDT: Mito Diagnostic Network for Genomics & Omics
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David Thorburn

Mike Ryan
David Stroud
Di Stojanovski

Sean Murray

Carolyn Sue
Ryan Davis

Dave Coman

Aleks Filipovska

John Christodoulou
Cas Simons
Daniel MacArthur (CPG)
Alison Compton
Nicole Lake

Stefan Siira

Roula Ghaoui

Suzanne 
Sallevelt

Phillipa Lamont

Shanti
Balasubramanian

MitoMDT: Mito Diagnostic Network for Genomics & Omics
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MitoMDT: Mito Diagnostic Network for Genomics & Omics
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Clinical Lead: John Christodoulou

VIC: John Christodoulou, David 
Thorburn, Joy Lee, Martin 
Delatycki, Michael Fahey, Michelle 
de Silva

NSW: Shanti Balasubramaniam, 
Carolyn Ellaway, Michel Tchan, 
Kaustuv Bhattacharya, Kirsten 
Boggs, Alessandra Bray

QLD: David Coman, Jim McGill, 
Melanie Tom, Michael Quinn

SA: Nick King, Janice Fletcher, 
Sarah King-Smith

WA: Maina Kava, Phillipa Lamont, 
Denise Howting

TAS: Tyson Ware, Jo Burke

Laboratory Lead: David Thorburn

VCGS Pathology: Justine Marum. 
Naomi Baker, Nicole Lake, David 
Thorburn

Brain and Mitochondrial Research, 
MCRI: Alison Compton, Rocio Rius, 
Leah Frajman

Genome.One: Mark Cowley, Velimer
Gayevskiy

Australian Genomics:
Tiffany Boughtwood, Peta Phillips, 
Keri Pereira, Matilda Haas, Jade 
Caruana, Tessa Mattiske, Dotti Tang

Mito Foundation:
Sean Murray

Mitochondrial Flagship
Evaluation
Health economics: Ilias Goranitis, 
Eunice Wu

Implementation science:
Stephanie Best, Janet Long, Jeffrey 
Braithwaite
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Genomics taking over the world??
Get me a 
genome 

stat!!
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Thank you
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The Australian Health Care System

The challenge: integrate genomics 
into a federated system
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Paediatric

Adults

Diagnostic yield 58%

Diagnostic yield 30%

n = 140

Definite: 8-12Probable: 5-7Possible: 2-4  

Yes
No
Non-mitochondrial

Molecular diagnosis

Diagnostic yield 23% (3/13)     44% (43/97)       67% (20/30)
Specificity 33% (1/3)       65% (28/43)     100% (20/20)

Nijmegen score by age group
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