
Prevention of transmission of 

mitochondrial DNA disorders





Å13 polypeptide genes

(7 ND, 3 COX, 1 CYT b, 2 

ATPase)

Å2 rRNAs

Å22 tRNAs

Mitochondrial DNA (mtDNA)



Mitochondrial DNA (mtDNA)

High copy number (100-1000s

genomes/cell)

Maternally-inherited



>250 point mutations 

>200 deletions

Mitochondrial DNA (mtDNA) mutations



Diabetes
Thyroid 

Disease
Myopathy

Peripheral 

Neuropathy

Deafness

CVA / Seizures / 

Developmental  delay

Respiratory Failure Optic Atrophy / Retinitis 

Pigmentosa

Cardiomyopathy

Short Stature

Marrow Failure

Liver 

Failure

NeurologicalNon-Neurological

No curative treatments



Incidence of mtDNA 

disease

1 in 10,000 clinically 

affected plus 1 in 6000 at 

risk

Approximately 1 in 4000 in 

total



mtDNA point mutation:  m.1555A>G

Incidence in population

1 in 500

m.1555A>G
Causes hearing loss, especially

after exposure to aminoglycoside 

antibiotics



Equitable access to care

National 

Commissioning

983 patients seen 2009 

587 in Newcastle

301 in London + 104 in Oxford

57 Million



Equitable access to care

National 

Commissioning

In 2009, 24,000 

Histochemical, biochemical 

and genetic tests



Mitochondrial DNA Diseases

Treat the treatable
ÅOphthalmoplegia

ÅEpilepsy (not valproate)

ÅMigraine

ÅDeafness

ÅDiabetes

ÅCardiac problems

ÅRespiratory failure

ÅDysphagia

Multidisciplinary 
clinics



Mitochondrial DNA (mtDNA)

High copy number (100-1000s

genomes/cell)



Homoplasmic wild-type

(normal)

Homoplasmic mutated

HETEROPLASMIC

MutatedWild-type



Heteroplasmy

Normal
phenotype

Disease 
phenotype



Strict maternal inheritance



How do we explain the variability?

Bottleneck



Treatment

Options for mothers with mtDNA 
mutations

ÅCounselling

ÅOvum donation

ÅPrenatal diagnosis

ÅPre-implantation genetic diagnosis

ÅPronuclear/metaphase II spindle transfer





Reason for prenatal testing
& mtDNA mutation involved

0 1 2 3 4

A3243G

A8344G

T8933G

T9176C

G14453A

A13513G

C11777A

Previously affected child

Affected maternal relative

Number of samples



Newcastle and Oxford

3 Antenatal and 1 PGD in next 4 weeks

Pre-implantation genetic diagnosis

IVF and embryo biopsy



Homoplasmicwild-type
(normal)

Homoplasmic mutated

HETEROPLASMIC

MutatedWild-type







Stages of oocyte maturation

Fertilisation

GV egg Metaphase I egg Metaphase II egg Fertilised oocyte

Immature; germinal 
vesicle visible

Immature; no 
germinal vesicle 
or polar body 
visible

Mature; 1st

polar body 
extruded

2nd polar body 
extruded and 2 
pronuclei visible

Maturation



Stages of embryo development

2-cell stage 4-cell stage 8-cell stage 

Morula Blastocyst Hatching blastocyst

(day 2) (day 2) (day 3)

(day 4) (day 5) (day 5)
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Pronuclear transfer

ωChromosomes enclosed by a 
clearly visible nuclear envelope

ωProven to be compatible with 
development in mice (Meirelles & 

Smith, 1997; Brown et al, 2006)

ωProven to prevent transmission 
of a mtDNA deletion in mice (Sato 

et al, Proc Natl Acad Sci, 2005)



Pronuclear transfer

Abnormal 
pronuclear 
embryos

Monopronucleate Tripronucleate

Not used for fertility treatments
Limited development ςtend to arrest around the 4-8 

cell stage

Limited numbers available for research ~10% of 
fertility treatments



Recipient 
zygote 

Enucleation

Donor 
zygote 

Fusion

Enucleation

Reconstituted 
zygote

Embryo disaggregated for 
mtDNA analysis 

Culture in vitro

Embryo cultured to 
assess development



Pronucleus Extraction: 
karyoplast removal

Enucleated 
monopronucleate 

embryo

Pronuclear 
karyoplast within 
a biopsy pipette

Monopronucleate 
embryo







Pronuclear transfer embryos

How much mtDNA carry over?



m.16519T>C

m.16519T

m.16519C
HaeIII HaeIII

HaeIII

132

60

91

31132

m.16519T>C

132

91

60

223

B1 B2 B3 B4 B5 B6U D

PNT embryo

(bp)

4/9 embryos no detectable carry-over of mtDNA
рκф ŜƳōǊȅƻǎ Ғ н҈ ŎŀǊǊȅ-over mtDNA




