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® Structure of human mitochondrial
DNA (mtDNA)

® Characteristics of Mitochondrial
Inheritance

® Mutations iIn mMtDNA and Disease
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Structure of human mitochondrial DNA (mtDNA)

»No0.25 chromosome
or M chromosome
»Double strand (closed ring)

Heavy strand ; Light strand
» 16 569 bp — 37 genes

* 13 genes enconding proteins
Involved respiratory chain
« 22 genes enconding tRNA

e 2 genes enconding rRNA
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Characteristics of Mitochondrial Inheritance
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Replication: B x4 E &l
Special Codon: UGA (Trp)

Maternal inheritance (

FRIFEE)

Replicative segregation (Z &4 %) : mtDNA

distributed randomly between

the two daughter cells

Quantitative threshold (|

‘.j,: ‘|E ’iﬂ [y ) .

Homoplasmy and heteroplasmy

High mutation frequency:

20 times higher
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*The maternal inheritance : reflects the fact that sperm

mitochondria are generally eliminated from the embryo, so
that mtDNA is almost always inherited entirely from the

mother.
=




~ Mitochondrial genetic bottleneck (iB{% i)

Oocyte —— Mature oocyte ——, Early development
100000 mt 10~ 100 mt 100000 mt

® Within the maturity of the oocyte, the amount
of mitochondria decreased rapidly, from
100,000 to less than 100, this is “genetic
bottleneck”.

® |t can decrease the probability of disease-
carrying mother to transmit the mutant gene
to their offspring.
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€2 Mutant
mitochondria

¢ Normal
mitochondria

Clonal mtDNA
proliferation

l l Random l Segregation l l

Disease phenotype

T

Normal phenotype

Threshold for
phenotypic expression
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Quantitative threshold (& 14 # &)

® The mutant mtDNA in heteroplasmy will only
lead to onset of the disease when it significantly
with a quantitative threshold .
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® The severity of the disease associated with a
MtDNA mutation will depend on the relative
proportion of normal and mutant mtDNA in the
cells of a particular tissue
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Compare with nuclear DNA (nDNA)

NDNA mt DNA

Location nucleus cytoplasm

Structure double double strand(closed
strand(linear) |ring)

Number of bp 3.1 x 10° 16 569

Number of genes |30,000-35,000 |37

Copy of genes single multiple

Intervening yes no

sequence
Frequency of | low high
mutation
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Central nervous system
Encephalopathy
Stroke-like episodes
Seizures and dementia

Eye
External ophthalmoplegia
Ptosis

Psychosis and depression Cataract
Ataxia Pigmentary retinopathy
Migraine Optic atrophy

Cardiac

Hypertrophic cardiomyopathy
Dilated cardiomyopathy
Heart block

Pre-excitation syndrome

Hearing
Bilateral sensorineural deafness

Gastrointestinal
Dysphagia
Pseudo-obstruction
Constipation
Hepatic failure

Renal
Renal tubular defects
De Toni-Fanconi-Debre syndrome

Endocrine and diabetes
Diabetes mellitus
Hypoparathyroidism
Hypothyroidism
Gonadal failure

Peripheral nervous system
Myopathy
Axonal sensonmotor neuropathy

© Elsevier. Nussbaum et al: Thompson and Thompson's Genetics in Medicine 7e - www.studentconsult.com
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Mutations in mtDNA and Disease

1. Leber hereditary optic_neuropathy (LHON,
Leber A& HAAY 2 5R)
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XEXALY  Mutations in mtDNA and Disease
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1. Leber hereditary optic_neuropathy (LHON, Leber
AL MAAT 2 57)
Mayjor clinic features:

@ Rapid loss of vision in the central visual field as a
result of optic nerve death;

@ Vision loss typically begins in the third decade of
life and is usually irreversible;

® More males than females (6M:1F) are affected .




Y EXAAE . .
b Leber hereditary optic_neuropathy

® Nine Mito gene disorders are involved In
(ND1, ND2, CO1, ATP6, CO3, ND4, ND5, ND6, CYTB)

® LHON Is heterogeneous, It can be caused

by different mutations, 90% harbor:

MTND1*LHON3460A
MTND4*LHON11/778A, 50-75%
MTND6*LHON14484C.

® Homoplasmic.
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2. Mitochondrial encephalomyopathy, lactic
acidosis,and stroke-like episodes (MELAS, £& iR AL
35 B LB B b A b M A 42 A )

Major clinic features:

Stroke-like episodes ( 5% P4k %, )
Encephalomyopathy (BLy&, PLEEZE, JEF%R)
Lactic acidosis ( & BABRAR 5P — JLERBR F & )
Sensorineural hearing loss ( B A% 2 Mo 57k %)
Dementia (FX )

® ® ® ® ®
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Mitochondrial encephalomyopathy, lactic
acidosis,and stroke-like episodes (MELAS)

® Mutation of tRNAleu/Val gene causes MELAS;
® MELAS is heterogeneous, It can be caused by

different mutations:
MTTL1*MELAS 3243 A -G
MTTV*MELAS : MTCO3

Heteroplasmic ( MTTL1*MELAS 3243 A =G )
Mutaion >90%: & X MK %, H 7% 15, H R
Mutaion 40%-50%: /2 M2 7/ RIS ILERAE, A, F-#




Disease

Leber hereditary optic neuropathy
(LHON) (Leber itf&PEAL 295

NARP (#2995 £ 3% 2 1 FIARL
o4 JE £ 3 A )

Leigh syndrome

MELAS  (Ze R4 WLs oo £ 3
PR IR b8 S ARE RAESEAAE)

MERRF  CJJURZE P 00 £ i 41 2T
HEi )

Deafness

Chronic progressive external
ophthalmoplegia (CPEQ) (&1
HEAT PRI AMLBRAT D

Pearson syndrome

Kearns-Sayre syndrome (KSS)
RSP BEAT PSR IUBRSE D

Phenotypes-Largely Neurological

Rapid onset of blindness in young
adult life due to optic nerve atrophy;
some recovery of vision, depending
on the mutation

Strong sex bias: ~50% of male
carriers have visual loss vs. ~10%
of females

Neuropathy, ataxia, retinitis
pigmentosa; developmental delay,
mental retardation, lactic acidemia

Early-onset progressive
neurodegeneration with hypotonia,
developmental delay, optic atrophy,
and respiratory abnormalities

Myopathy, mitochondrial
encephalomyopathy, lactic acidosis,
and stroke-like episodes; may
present only as diabetes mellitus
and deafness

Myoclonic epilepsy with ragged-
red muscle fibers, myopathy, ataxia,
sensorineural deafness, dementia

Progressive sensorineural deafness,
often induced by aminoglycoside
antibiotics; nonsyndromic
sensorineural deafness

Progressive atrophy of extraocular
muscles, ptosis

Pancreatic insufficiency,
pancytopenia, lactic acidosis, KSS
in second decade

Progressive myopathy, progressive
external ophthalmoplegia of early
onset, cardiomyopathy, heart block,
ptosis, retinal pigmentation, ataxia,
diabetes

Most Frequent Mutation in mtDNA
Molecule

Substitution 1178A>G in the ND4
subunit of complex | of theelectron
transport chain; this mutation, with
two others, accounts for more than
90% of cases; 14459T>A, in the
ND1 subunit, is the most severe
mutation, with less sex bias

Point mutations in the ATPase
subunit 6 gene

Point mutations in the ATPase
subunit 6 gene

Point mutations in tRNA'euUUR), 5
mutation hotspot, most commonly
3243A>G

Point mutations in tRNAs, most
commonly 8344A>G

1555A>G mutation in the 12S
rRNA gene
7445A>G mutation in the 12S
rRNA gene

The common MELAS point
mutation in tRNAleu(UUR); Jarge
deletions similar to KSS

Large deletions

The ~5 kb large deletion

Homoplasmy vs. Heteroplasmy

Largely homoplasmic

Heteroplasmic

Heteroplasmic

Heteroplasmic

Heteroplasmic

Homoplasmic
Homoplasmic

Heteroplasmic

Heteroplasmic

Heteroplasmic

Representative Examples of Disorders due to Mutations in
Mitochondrial DNA and Their Inheritance

Inheritan

Maternal

Maternal

Maternal

Maternal

Maternal

Maternal
Maternal

Maternal with point mutations,
sporadic with deletions

Generally sporadic, due to somatic
mutations

Generally sporadic, due to somatic
mutations
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Encephalomyopathy,
cardiomyopathy,
myopathy, MELAS,

Parkinsonism
/ Cytochrome b

LHON

// NADH dehydrogenase
subunit 6
Met&4Val

(good visual prognosis)

Aminoglycoside-induced deafness
12S rRNA
(A1555G) Oy

Sensorineural deafness
128 rRNA
(AT445G)

G
(A3243G) ND5
T—MELAS,
%ﬁ Leigh syndrome
NADH T 2
s:bgnigo“genase N NADH dehmegenase
Ala52Thr subunit 5
; 32
Hypeafenswn,/ M H T Diabetes,
hypercholesterolemia, deafness
hypomagnesemia NDa TRNASS
{ANA"E

LHON
NADH dehydrogenase

Motor neuron disease, subunit 4
sideroblastic anemia, T co. His340Arg
lobinuriz o (most common
myogcté Xffﬂun'i I A6 LHON mutation)
Myoclonus, K8 \
cardi omyfgathy MERRE “NABP & Leigh disease
tRNA TN ATPase subunit 6
TP - A8344G, (Leu 156 Arg,
Multisystem disease, [T8356 o Leu 156 Pro)
myopathy,
encephalomyopathy
coxit

(@ Elsevier. Nussbaum et al: Thompson and Thompson's Genetics in Medicine 7e - www.studentconsult.com

Mutations in mtDNA and Disease

mMtDNA Mutations

»Point mutation

* Missense mutations in oxidative
phosphorylation protein

* point mutations in tRNA or rRNA

genes

» Rearrangement
« Deletion and insertion

» Copy number mutation
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Characteristics of Mitochondrial Disorder

® Maternal inheritance;
® Quantitative threshold of mutant mtDNA

In the onset of mitochondrial genetic disorders;
® Multiple energy-required system are affected,;

® Asymptomatic carrier of mutant mtDNA.




Interaction between the mitochondrial and
nuclear genomes

32 VAL S
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® 1500 mitochondrial
proteins;

® 74 polypeptides of the
oxidative phosphorylation
complex;

® 200 factors required for
the maintenance and
expression of mtDNA or for
the assembly of oxidative
phosphorylation protein
complexes.
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Interaction between the mitochondrial and
nuclear genomes

Mutations in many of these nuclear
genes can also lead to disorders with the
phenotypic characteristics of mtDNA
diseases, but of course the patterns of
Inheritance are those typically seen with
nuclear genome mutations.
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