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2015:  3 Parent Babies 

May Happen Soon

2016: 3 Parent Babies

are already here
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基因（核DNA）核基因组

细胞质基因组

细胞器基因组

非细胞器基因组

叶绿体基因组(ctDNA)

(mtDNA)

中心粒基因组(centro DNA)

动粒基因组(kinto DNA)

膜体系基因组(membrane DNA)

细菌质粒基因组(plasmid DNA)

染色体

共生体基因组(symbiont DNA)



Where do Mitochondria come from?

- Originally from small bacteria  swallowed by eukaryotic cell. 



How do we know they evolved from 
bacteria?

-They have there own circular genome, 
like bacteria

-Double membrane: 
Original + Phagosome

-Protein-synthesis machinery，
resembles bacteria

- And more...



How do we know they evolved from 
bacteria?



Mitochondria in the second act 

Nature. 2016 Mar 3

http://www.ncbi.nlm.nih.gov/pubmed/?term=Late+acquisition+of+mitochondria+by+a+host+with+chimaeric+prokaryotic+ancestry


-They are responsible for making ATP, 
the cell energy-coin

-Krebs cycle

-Electron Transport



What are Mitochondria?

-Mitochondria are organelles 
living inside the cell



-syncytium & nucleoids

-TFAM(mitochondrial transcription factor A)



• Mt

Drp1/Dnm1, Fis1, Fis2, Caf4p, Mdvlp

• Mt

Fzo1/Mfn1, Mfn2, OPA1, Mgm1



——Circ Res. 2015 January 2; 116(1) 



——Circ Res. 2015 January 2; 116(1) 



Mitochondrial autophagy or mitophagy



RBC
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1963 Nass mtDNA
(独立的遗传体系)

Mitochondrial genome（mtDNA）
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1 DNA

- Replication starts with the H strand.  



Transcription:

• Both strands are 
transcribed. 

• The D loop contains 
one promoter for 
each strand, and the 
entire strand is 
transcribed.

• The RNA is then cut 
into individual  
RNAs for each gene.  

• Protein-coding 
genes are given 
poly-A tails, and 
rRNA and tRNA



Temiakov et al., Science,2015

TEFM



2. 

Hela 60S 45S 35S

74S

75S RNA rRNA tRNA mRNA

80S

3. 

mtDNA UGA tRNA

22 tRNA 48



Mitochondrial code Universal code





mtDNA

1.mtDNA

Schon, DiMauro and Hirano 2012 Nat Rev Genet



2.mtDNA

mtDNA



mtDNA

2.mtDNA



Vincent Galy, Science, 2012

mtDNA

2.mtDNA



mtDNA

Therefore, the mitochondria that we have are 
passed down from mother to children 



3.mtDNA

mtDNA



4.mtDNA mtDNA DNA

10 20

mtDNA

What about natural variation

?





“Molecular clock”

Mutation rate:
1 per 3,000 years 
(for mitochondrial 
variable region )



Gene sequence A:
AGACGCCTATATA

Gene sequence B:
AGGCGCCTATATA

Gene sequence C:
AGACGCCTATTTA

Example



AGGCGCCTATATA

AGACGCCTATATA

AGACGCCTATTTA

B

A

C

Sequence B is approximately 3,000 years older
then sequence A and 6,000 years older then
sequence C.

Example



We can determine common ancestral mothers 
by changes in the sequence of the mitochondrial 

genome

African Eve or the Mitochondrial Eve 

Many researchers take the mitochondrial evidence as 
support for the "single-origin" or Out-of-Africa model



The migration of maternal clans







Comparison between the human nuclear 
and mitochondrial genomes



mtDNA

From generation to generation



mtDNA



maternal bottleneck

Primordial Germ Cells





DNA / DNA

ATP

mt DNA

mt DNA



(point mutation)

300 60 tRNA

(deletion) mt DNA 

DNA 200

(duplication) mt DNA 

(depletion) mt DNA 



Base Excision Repair, BER BER 

DNA DNA

AP DNA DNA

Recombination  Repair, RR

mtDNA

! mtDNA

mtDNA



1988 mtDNA

Douglas Wallace 

1、

2、

3、



The full array of pathogenic mtDNA mutations and polymorphisms
are available through Mitomap.org (MITOMAP 2012).

160 mtDNA

60



 几乎累及机体所有器官，但耗能多的器官尤其易感。



mtDNA

神经

骨骼肌

心脏
肾脏
肝脏



( ) Leber
(LHON)

LHON是以德国眼科医生Theodor Leber

（1840～1917）的名字命名的，为一种

急性或亚急性发作的母系遗传病。男女病

人比例4:1

11778 G→A

（Leber Hereditary Optic Neuropathy，LHON）
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 Leber



LHON



9 ND1, ND2, CO1, ATP6, CO3, ND4

ND5 ND6 CYTB 18 LHON

主要突变类型：

MTND1*LHON3460A 

MTND4*LHON11778A(50%-70%)

MTND6*LHON14484C

11778 G→A



ComplexI NADH

ND1,ND4,ND6

http://php.med.unsw.edu.au/cellbiology/index.php?title=File:Leber_hereditary_optic_neuropathy.jpg
http://php.med.unsw.edu.au/cellbiology/index.php?title=File:Leber_hereditary_optic_neuropathy.jpg


( ) : MERRF

Myoclonus Epilepsy With Ragged Red Fibers, MERRF

•

...... 

•

•What is the weakness like? Well, 
strap 160 pounds on your body. 
Walk around like that, all day, 
every day.
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(MTTK*MERRF8344G)

tRNAlys nt8344 A >G

8344 bp





( ) : KSS
(Keams Sayre Syndrome，KSS)

http://www.ispub.com/ispub/ijn/volume_1_number_2_39/kearns_sayre_syndrome_plus_a_case_report/kss-fig1.jpg
http://www.ispub.com/ispub/ijn/volume_1_number_2_39/kearns_sayre_syndrome_plus_a_case_report/kss-fig1.jpg
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( ) MtDNA

Parkinson disease): 1817 James Parkinson

(1755-1824) .

mtDNA



1

CO CS2

b-

MPTP(1- 4 1,2,3,6

PD

MPTP MPP

I PD 



2

5 10 PD PD AD

AR Parkin PINK DJ-1 UCH-L1 PD



Genetic mutations and the pathogenesis of PD





( )

mtDNA

mtDNA



1

mtDNA mutations

1. Mutations in complex I

2. Mutations in complex III

3. Mutations in complex IV

4. Mutations in complex V



mtDNA copy number alterations

2



mtDNA Microsatellite Instability

3



4



73

A mitochondrial etiology of 
complex disease



Nature , 2015 



DNA Nature



Nature commu . 2015
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(Germline gene therapy)
Spindle transfer (ST)  and  Pronuclear transfer (PNT)



• 7 egg donors

• A total of  106 

mature MII 

oocytes used for 

ST or served as 

controls

82



Cryopreservation of  oocytes before ST

Tachibana et al., Nature, 2013 83



Normal growth and development  of  monkey 

offspring following mtDNA replacement 

Tachibana et al., Nature 2013 84



Nature, 2015



www.mitomap.org

The United Mitochondrial Disease 
Foundation www.umdf.org




