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What are mitochondria?

nucleus

mitochondria



MITOCHONDRIA

Energy production
Calcium homeostasis

Iron-sulfur cluster biosynthesis
ROS production

Apoptosis



Adult

neonatal

paediatrics

adult

Alpers disease

Pearson syndrome

MELAS syndrome

MERRF Lebers hereditary optic neuropathy

Kearn-Sayres syndrome

Chronic progressive external ophthalmoplegia (CPEO)

SANDO

Maternally inherited diabetes and deafness

Hepatocerebral syndrome

mtDNA point mutation

Single deletion 

Mitochondrial depletion syndrome

POLG1

Leigh’s syndrome

NARP

MNGIE

Complex I deficiency

Multiple deletion 

Mitochondrial disease

Dr Yi Ng





Clinical features of mitochondrial disease



Genetic causes of mitochondrial disease

Nuclear DNA: 3,000,000,000 bp

mtDNA: 16,569 bp

13 mitochondrial proteins
>300 different 

disease-causing mutations
~1300 mitochondrial proteins



Mitochondrial Genetics: heteroplasmy
and the threshold effect



Mitochondrial Genetics: maternal 
inheritance



Mitochondrial Genetics: the bottleneck





Mitochondrial DNA Disease

Estimated that ~2500 women of child bearing age are at 
risk of transmitting mtDNA disease in the UK

Currently few effective treatments and no cure for 
mtDNA disease

Many couples seek reproductive advice to reduce the 
risk of having an affected child



Mitochondrial DNA Disease

Several options for women who carry an mtDNA mutation:

- voluntary childlessness
- adoption
- egg donation
- prenatal testing
- preimplantation genetic diagnosis
- mitochondrial donation



Prenatal Testing

Couple conceive naturally and the heteroplasmy level determined in cells 
removed from the pregnancy.

Will only reduce the risk of mtDNA disease when a patient has low levels of 
faulty mitochondria within her eggs.
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Preimplantation Genetic Diagnosis

Couple undergo an IVF cycle and the heteroplasmy level determined in cell(s) 
removed from the developing embryo.

Will only reduce the risk of mtDNA disease when a patient has low levels of 
faulty mitochondria within her eggs.
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Nuclear DNA

Mutant 
mitochondria

Nuclear DNA
Patient oocyte

Donor oocyte

Reproductive options: mitochondrial 
donation
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Wild-type 
mitochondria

Nuclear DNA

Mutant 
mitochondria

Nuclear DNA
Patient oocyte

Donor oocyte

Reproductive options: mitochondrial 
donation

99.9% nuclear DNA from 
parents

0.1% mtDNA from donor
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Maternal Spindle 
Transfer (MST)

Pronuclear 
Transfer (PNT)

Greggains et al, Sci Rep. 2014 
Jan 24;4:3844

Polar Body Transfer 
(PBT)

Reproductive options: mitochondrial donation

Fertilisation

Germinal Vesicle 
Transfer (GVT)



Louise Hyslop



Pronuclear transfer: proof of principle 



nucleus

nucleus

Unfertilised oocyte

pronuclei

pronuclei

Fertilised zygote 

Patient 
oocyte

Donor 
oocyte

Average 
level of 
mtDNA 

carryover 
<2% 

PNT has the potential to prevent transmission of mtDNA disease in humans

Pronuclear transfer: proof of principle 



Pronuclear transfer: preclinical study  

Good quality embryos that are likely to result in a 
pregnancy

Low levels of mtDNA carryover (<2%) 

Hyslop et al, 2016

mtDNA carryover increased over time in a limited 
number of stem cell lines



Pronuclear transfer: preclinical study  

Hyslop et al, 2016

Mitochondrial donation can reduce the risk of 
mtDNA disease but may not guarantee prevention

Mitochondrial donation should be offered in 
combination with prenatal testing



Mitochondrial Donation: changing policy 

February 2018
First patient 

licenses granted 
in UK



Mitochondrial Donation: scientific review 

• Patients who become pregnant following the use of mitochondrial donation 
should be offered prenatal testing 

• All patients should be encouraged to participate in long-term follow-up of 
children born from the use of mitochondrial donation

• It is appropriate to offer mitochondrial donation to carefully selected patients when 
preimplantation genetic diagnosis (PGD) would not be suitable



December 2016 March 2017

Mitochondrial Donation: changing policy 



•Risks of inheritance

•Fitness for pregnancy

•Reproductive history questionnaire

•Reproductive options

•Care of mother through pregnancy

•Psychological support

Mitochondrial Reproductive Advice Clinic



The Pathway





@mitoresearch
Lyndsey.butterworth@ncl.ac.uk

Thank you!
http://www.newcastle-mitochondria.com/

http://www.thelilyfoundation.org.uk/

http://mitochondrialdisease.nhs.uk/


